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TO OUR SUBSCRIBERS AND CONTRIBUTORS 


Y UBSCRIBERS and contributors to this journal have undoubtedly noticed 
S ome deviation from our usual publishing quality in the July and August 
and September issues. In particular, authors have had to correct very bad proofs 
in less than adequate time for careful reading. Subscribers must have detected 
an unusual number of typographical errors which were not corrected from the 
galleys. A most disturbing fact was the late mailing of these issues. Many of 
our authors and readers were quick to realize that such a departure from our 
usual standards could be due only to abnormal conditions, and we feel that these 
conditions need to be explained. 


On April 23, 1956, the American Medical Association concluded negotiations 
for a contract with the Baird-Ward Printing Company, Inc., Nashville, Tenn., 
to print the American Medical Association Specialty Journals. Under the terms 
of the contract, the Baird-Ward Printing Company, Inc., was to begin with the 
July issues 


A transfer of a printing operation requires that many details be considered 


and many adjustments be made. A contract as large as this involved expanding 


a work force with skilled operators, not always readily available; installing ad 


ditional machinery and type equipment not obtainable on short notice, and schedul 
ing mine journals so as to coordinate their production with other jobs in. the 
plant. Editorially, it meant increased pressure upon editors to meet an advanced 


schedule, the development of a common interpretation of editing procedures 


between typesetter and manuscript editor, and the working out of communications 
between the Editorial Office, printing plant, authors, and readers 


All this was a Herculean task in view of the short period of time allowed 


for the transfer Oby iously, substandard results could not be avoided, While a 


contributor or a reader is justly concerned with his individual article or copy, 


it is hoped that the realization of the many ramifications of the transfer will soften 
criticism of the initial effort, performed under an entirely new set of 


produc tron 
conditions 


Many of the early problems have been eliminated 


Others are being solved 
daily 


The efforts of the editorial and manufacturing staffs are directed toward 
an improvement over what our readers have been offered in the past 


Publication 
dates will be improved, and plans are | 


rogressing to make our subject contribution 
more ¢ ssential to the profession, 


We trust that a -better understanding of the circumstances 
patient indulgence in our efforts to return to 
to keep a promise of a better product 


will enlist you 
normal publishing conditions and 
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* opment of a Forecasting 


Use in lion 


T. W. KLEINSASSER, A.B., Knoxville, Tenn 
and 


R. C. WANTA, M.S., Cincinnati 


Introduction 


In May, 1949, the Valley 
\uthority began construction of the first 
of its 


Tennessee 


major steam-electric plants to meet 


increased demands for electric power in 


addi 


tional plants have been authorized by Con 


the postwar period. Since then six 
gress 

Construction of the Kingston power plant 
located on Watts Bar Lake, two miles north 
April 30, 
The first of nine units was placed in 
1954 


ial ra 


of Kingston, Tenn., started 


1951 


commercial operation on Feb 


was 


and 


the ninth unit went into commer 
1955 


believed to be the 


tion in December, Kingston 


power plant ts world 


largest, with a total capability of 1,600,000 
kw 
Like all TVA’ 


| 


large steam plant the 


Kingston plant is coal-fired It 


estimated that the Kingston plant alone will 


use 4,300,000 tons annually at S06 load 


factor. In view of the quantity of waste 
to be dh posed of from this and other 
plant r\ \ has 
? 


rol in design and operation plan 


included air pollution con 


Accept publication | inf 
Presente t the 1956 Am Mee t 
\ir | 1 Asse tor 
I e Weather Bureau Airpor \ 
St Mr. Wanta) 


or 


on 


lo provict adequate di persion, waste 


gases are customarily discharged into the 


itmosphere through high stacks at high 
peeds In the absence of local effeets re 
sulting in distortion of the wind and tem 


perature fields around the plant building and 


tack these waste ase are 


di rst by 


natural atmospheric turbulence and changes 


in the direction of wind flow \t TVA 
power plants a program of air-pollution 
tudies, is being conducted which serves to 


aluate elfectivene and to identify any 


need for additional controls.* 


Iixperience in other areas has taught that 


occa meteorological conditions cle 


ionally 


velop which inhibit dispersion of air-borne 


wastes over a period of several days and 
Which lead to abnormally high coneentra 
lion of Waste pase it ground level uch 
episodes occurred at Donora, Pa., Oct. 27 


4] }04% (sreater London Lex 4 
Dec. | 1930" 


uch prolonged periods of an 


ind near Liege, Belgium 


lagnation 
1 hve King ton pow Jon ited on 
valle \ ‘ 
Kidge 


d by 


er plant | 
the tHloor of an \ppalachian 


Walden 


opograpny characterize 


eral 
Local 
parallel 


torn 


lyr onented northeast to southwest and 
ng trom 400 to 1000 ft. above the valley 
Numerous traverse noteche cut the 
dg almost to Hoor ele ation uch topo 
graphical features in a zone of slowly mov 
re 2 and 3 
Ke fe 


at 

Bits 
ata 
M7 
pes 


A 
ing anticyclones call for consideration of the 
possibility of prolonged air stagnation. 

Effects of Weather on Dispersion 
of Stack Gases 
Three local weather elements may be 


considered as the primary weather factors 
which determine the concentration and effect 
of air-borne wastes in the lower atmosphere 
These are: (1) wind speed, direction, and 
turbulence, both 
(2) 


at the surface and aloft; 
temperature change with height or, 
more generally, the resistance to vertical 
the of and (3) 
humidity, including condensation forms, pat 
ticularly fog. These three factors are, of 
course, not mutually exclusive. 


motion ot 


lower layers 


alr, 


Investiga 
tions of known occurrences have identified 
all three of these elements as contributing 
to the accumulation of abnormally high con 
centrations of air pollution. The meteorolo 
gist also recognizes that local topography 
may serve to influence the contribution of 
any of the three factors to the total degre: 
of air pollution 

A brief discussion of the role of each of 
the three meteorological elements at Kings 
ton follows, Emphasis is given to the op 
eration of each element during periods of 


Stagnant ait 


Wind.—The role of the wind in effecting 
dilatation of the waste gas downwind of 
the stack is obvious and is directly propor 


tional to the wind speed. Not 
is the role of the wind speed (1) in affect 
ing the virtual stack height, i, ¢., the level 


at which the buoyancy rise of the wast 


so) obvious 


gases becomes negligible, and (2) in gen 
erating the complicated system of eddies 
whereby the waste gases are dispersed hori 
zontally 


and, not 


the 
In the first case the ef 


fective stack height decreases rapidly with 


necessarily to san 


extent, vertically 
increase of wind speed, while at very low 
wind speeds the stack plume rises nearly 
vertically 


until the buoyaney forces have 
become negligible. In the second case the 
wind force (variable with height), in 


fluenced by and also influencing the thermal 


308 


M 


A, ARCHIVES OF INDUSTRIAL HEALTH 


stratihcation of the air (also variable with 
height), can generate a multifarious variety 
of eddy the 


so in the presence of a heterogeneous under 


sizes and distributions, more 


lying surface 
Wind direction also must be considered. 
As long as the term “downwind” 


applies, 
i. «., as long as the wind direction remains 
fairly steady and the wind speed does not 
fall to zero, the waste gases from a single 
source will be dispersed in a sector of some 


size downwind, ¢ onversely the complement 


of this sector will be free of any waste 
gases. But the wind direction in actuality 
shifts with the passage of weather systems 


identifiable on the surface weather map, and 
even trom hour to hour, espec ially with mild 
pressure gradients in topography, such as 
that at Kingston. Ordinarily shifting winds 
might be « xpected to have a beneficial effect, 
since the lateral dispersal of the waste gases 
would be thereby enhanced. if 
the wind speed and rate of atmospheric dif 
fusion 


of 


Howeve 


remain low for an extended period 


shifting winds, there be 
the 
When also the distribution in 


would an ac 


cumulation of stack effluent in vicinity 


of the plant 
space and the intensity of vertical mixing 
are such that the ground is fumigated, there 
would — be expected 
ground dosages of the waste gases, if not 
large 


comparatively large 


concentrations. 


Temperature Lapse.—The importance of 


the temperature distribution in the vertical 


lies in the fact that it largely determines 


the resistance of the air to vertical displace 


ment. lor unsaturated 


air the adiabatu 


lapse rate represents the vertical temperature 


distribution 


which neither favors 


nor in 


hibits vertical interchange. This lapse rate 
(FF) 
in the air temperature as we go up 1000 ft 
the 


corresponds to a decrease of 5 5 deg 


On average, the lapse rate in the 
atmosphere is more nearly 3.3 deg. (1) 
per 1000 ft Such a condition is stable 


for unsaturated air, and vertical interchange 
of the of 
energy, mostly derived from the wind stream 


and The 


matter requires expenditure 


from solar heating smaller the 


| 

| 

& 
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FORECASTING SERVICE FOR AIR-POLLI 
lapse rate, the greater the energy required to 
effect vertical interchange. A negative lapse 
The effi 


ciency of even small inversions in restricting 


rate is known as an inversion 


vertical mixing of a smoke layer has been 
observed many times 

Under a clear sky and with light winds 
a shallow inversion based at or near the 
surface is produced nightly. Inversions of 
this type effectively inhibit vertical diffusion 
The the 


f an inversion, the 


as long as they persist greater 


vertical extent « 


greate! 


is the quantity of heat required to break it 


up. In the severer cases diurnal heating 

insufficient to cause break-up. If this condi 
tion persists for several days, vertical diffu 
sion of waste gases in the area will be 


inhibited, and relatively concentrated vol 


umes of waste gases will appear in the 


layers of the atmosphere 


lower 
Relative Humidity and hog The role of 


relative humidity as a weather factor in smog 
as that 


The humidity of the air in 


formation not as direct of wind 


and stability 
itself probably has little, if any, direct ef 
fect the 


upon degree of concentration of 


waste gases. The condensation forms which 
occur under high humidity conditions might 
have a direct effect. If the 


densation form as 


however con 


precipitates rain 


Characteristic Weather | 


ither Element 


wed 


Hourly average range of direction 
Low stat 


High statior 


Hourly maximum range of direetior 
Low at 


TION CONTROI 
drizzle, the effect may be beneficial to the 
extent that absorbed gases or included par 


It 


descending air currents accompanying heavy 


ticles are rained out is conceivable that 


precipitation will carry the plume of waste 


gases to the vicinity of the ground “pre- 


maturely,”’ 1. e., before natural diffusion has 


Ope rated long enough 


If the condensation form remains sus- 
pended as fog, no beneficial effects are ex- 
pected. The primary contribution of fog 
to the degree of concentration is that the 
presence of fog limits and may interrupt 
the normal enhancement of yertical diffusion 
} 


vy solar heating during the daytime. 


Local Weather During Short Periods of 
Atmospheric Stagnation 


\ survey of the period from June 29, 
1954, when the fifth of six Autometers was 
installed near Kingston, Tenn., to Oct. 26, 


1954, reveals that some sulfur dioxide was 
registered simultaneously in all directions 
iround the plant on seven different oc- 
casions The simultaneous recording of 
sulfur dioxide at widely separated points 
about the source must be considered evi- 
dence that local weather conditions were 


favorable to accumulation of waste gases in 


the general neighborhood of the plant. The 
ements at Kingston, Tenn., During Brief 
fir Stagnation 
Ext Most Frequent 
Im. p land 2m. p.h 
0-4 pb. 
, 
p.t 
ESE and (5 eact through ESE 
ENE through ESE 
! 10-55 
70 deg 4 le 5 
le 
) } distribution centered erval 
te 


‘a 
Perwds of 
ourly average wind 
Low statior 
High statior 
Hourly average range of speed a 
Low statior 
High statior inte 
Prevailing directior 
Low statior 
High statior 
Hilg 
CGoustiness type 
High station 
Lapse at midhour 
Low station 


meteorological conditions prevalent at these 


times can be taken as 


an indication of the 
elements which contribute to such accumula 
tions 


The 


marized 


wind and lapse measurements sum 


below cover the period from at 


least one hour before to at 


least one hour 
after each of the seven occurrences, Twenty 
hours of data at the “low station” and eight 


hours of data at the “high station” are con 


sidered, The “high station” was installed 
about one month before the end of the period 
of survey. The Tabulation lists essential 


data concerning the “high’ and “low” sta 
tions, while Table 1 lists extreme and most 
frequent values of certain weather elements 
with the 


associated simultaneous registra 


tions 
High Low 
Station Station 
elevation, ft. m.s.1 1,144 AY 
Anemometer height, m. 6.1 1,420 1,009 
Height interval of lapse measurement, 
ft M46 


It may be that the 


local weather conditions at Kingston chat 


observed in Table 1 


acteristic of these periods of atmospheri 


stagnation include the following 


(a) Very low 


values of hourly average wind 


speed 
(b) A tendeney toward prevailing wind directions 

from the north through east to southwest, in 
observed 


agreement with the 


passage ol the 


majority of the high centers north of Kings 
ton 

(c) Generally moderate values of average range 
of wind direction over the hour, but fre 
quently large values of the maximum range; 
in about half of the cases the maximum range 
attained 360 deg 

(d) A wide range of values of temperature lapse 
in the lowest 145 ft. more or less centered 


on the adiabatic rate 
Significantly six of the seven instances of 


simultaneous 


registration of sulfur dioxide 


at five or more Autometers occurred between 
9:30 a. m, and 4 p. m 


instances persisted each for two hours, while 


Two of the daytime 


the remaining five lasted only for half an 
hour. It is conjectured that in these brief 
periods of atmospheric stagnation the waste 
gases diffusing at a slow rate 


over a wide 
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spread area aloft were periodically brought 
to the ground in occasional large-scale eddies 


of thermal origin. Similar action is con 


sidered not unlikely in the case of prolonged 
periods of Stagnation It, therefore, must 
be considered as a possibility that the com 
plete 


partial dissolution of a stagnant 


condition may represent a phase during 
which time relatively concentrated volumes 
gases aloft 


the ground. 


of waste can be brought near 


Local Weather During Stagnation 
Periods in Other Areas 


Detailed investigations of the weather 
which attended smog concentrations in other 
that all the 


above were operative for several days.t The 


areas reveal factors outlined 


simultaneous occurrence of light shifting 


winds, great stability, and fog for brief 
periods is not a particularly rare phenome 
non, especially in hilly country. But ex 
perience has suggested that the condition 
must persist for several days before ab 


The 


ment of prolonged simultaneous occurrence 


normal concentrations occur require 
of all three weather factors makes the event 
a rare and exceptional meteorological phe 


nomenon, 


Meteorological Stagnation Model 


The polar anticyclone undergoing trans 
formation to the deep warm-type anticy 
clone appears to be the meteorological model 


most likely to produce the prolonged stag 


nant conditions required for abnormally 
large waste-gas concentrations. All| occur- 
rences mentioned earlier were associated 


with this meteorological model. However, a 


forecasting service designed to enable in 
dustry to prevent abnormal concentrations 
must not limit itself to the prediction of the 
development of quasistagnant anticyclones 
It is possible that some other meteorological 
model also can produce the Stagnation re 
quirements, and consequently the forecasting 


service must be directed toward the identih 


References 4 to 6 
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FOR AIR-1] 


cation and prediction of required 


weather elements 
model 
Within 


basis 


rather than a_ particulat 


the lin described above 


tations 


the for prediction of prolonged 


stagnant periods is the large-scale general 


circulation 
the | 


by the 


Such periods ol 
Area 
an intense low 
Western or Central 


Stagnation in 


characterized 
pre 
\tlanty 


ast Tennessee are 


presence ot ssure 


system over the 


at middle latitudes. The eastward movement 
of the system must be blocked in turn by a 
very extensive anticyelone to the east and 
or north. This type of “blocking” high 
precedes the development of a stagnant anti 
eyclone over the lastern United States by 


several day Ss 


Stagnation Warning Service 


lhe stagnation forecasts provided to TVA 
the Weather 


three Stagnation 


Bureau Office at Knox 


(2) stagnation alerts 


by 
bear designations 
and 


[he 


issued twice 


trend advisories ; 
(3) extreme local stagnation warnings 
stagnation trend advisories are 


weekly during the fall months and inter 


mittently ; 


the 


is required during the balance of 


yeat These advisories consist of a brief 


appraisal of the general circulation over the 


Northern Hemisphere (limited to available 


data) in terms of its tendency to become 
more or less stagnant over the Southern 
\ppalachian Region and particularly the 
Fennessee Valley. A trend toward greater 
stagnation is designated as “positive” and a 


trend away as “negative.” The arrangement 
advisory set 


for regular during the fall 


vice 


months was In recognition of the 


that stagnation occurs in this area most 
frequently in the fall. These advisories are 
used for planning purposes by the plant 
operator and by an air-pollution control 
team Advisories are not intended to be 
used as the ba for initiation of modified 


plant operation; rather the receipt of a po 


tive trend forecast constitutes notice to pre 

pare for imminent control action ilthough 

such action may not prove necessary 
Stagnation alerts are issued whenever the 


Of lox 


the 


pet 


culation imaheates 


ment of a 48-hour or longs 


South 


tagn rn Appalachian 
Kegior The alert 1s used by TVA as a 
nodif ving plant operation in the 


nterest ot control 


Mie teorolog 


it the plant site which have 


pollutye n 
cal eles been 
identified as essential to the developm«e nt of 
thereafter re 


the 


high local concentrations are 


porte 1 at regular intervals to forecast 


evaluation 


the 


stagnation trend advisories and 


the stagnation alerts must be based upon 
the general circulation over the Northern 
Hemisphere. Since practical consideration 
necessarily limit the volume of data and 
ireal coverage available at field) station 


primary dependence in making these for 


cast must be placed upon the data and 
advices issued by the Extended lorecast 
Section, — the National Weather \nalysis 
Center, and the District Forecast Other 
Since both the stagnation trend advice and 
the stagnation alert refer primarily to the 
large-scale features of the general cireula 
tion, the information available from these 
source well adapted to the need, and the 
lack of extensive, detailed, large-scale data 
does not represent a handicap 
\ stagnation alert not issued in ant 


anticyclone ovet 


pation of a tagnating 
the Ikastern United State as oon a i 
blocking” high is estabh hed in the Central 
or hkastern Atlanti nee everal day 
of comeident unfavorable weather tactor 
appear to be required for the accumulation 
ot danget imount ol pollutant the 
tlert irming is timed after these general 
circulation requirement have been fultilled 
ind a polar anticyelone has begun to setth 
over the Appalachian \fter the aries 
of the alert sufficient tume remains for TVA 
to take preventive tion 

a wnation alert ha been ied 
t “intained a long is the high pre if 
ernte uns over the area If the threat 

not ta zed i detin te termination 
ive ck ered te he evel ri il 
observations at the plant site indicate that 
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all the criteria described in the following 
section are fulfilled and will continue for 24 
hours or more, an extreme local stagnation 
warning is given. This warning constitutes 
notice that all local meteorological elements 
considered necessary to the accumulation of 
abnormal concentrations of pollutants are 
prevalent and are expected to persist. These 
alerts are the basis for beginning modified 
plant operation in the interest of pollution 
control 


Extreme Local Stagnation Warning 
Meteorological Criteria 


Criteria for the issuance of an extreme 
local stagnation warning have been patterned 
after the recommendations of Willett in his 
report to the Industrial Hygiene Founda 
tion on the Donora episode.§ 

During that episode wind speeds remained 
under 7 miles an hour from the surface up 
to 5000 ft. m. s. |. for a period of three 
consecutive days. On the basis of the limited 
data available for the Kingston site, a pro- 
longed period of wind speeds of less than 
10 miles an hour at the surface and aloft 
has been selected as the tentative criterion 
with regard to wind. It is hoped that ex 
perience will justify a lower value and there 
by decrease the frequency of warnings and 
preventive operations, 

In their analysis of the meteorology of 
abnormal concentrations, both Willett |! and 
Mletcher,’” emphasize the temperature dif 
ference between a low and a high elevation 
as an index of the low-level stability. Since 
the maximum temperature usually occurs 


during the period of maximum diurnal heat 


§ Willett, H Meteorological Conditions Ke 
lated to the Occurrence of Smog at Donora, Pa., 
Department of Meteorology, Massachusetts Insti 
tute of Technology, for the Industrial Hygiene 
Foundation of America, Inc, 1949; Unpublished 
data 

Willett, H. ¢ Meteorological Conditions Re 
lated to the Occurrence of Smog at Donora, Pa 
Department of Meteorology, Massachusetts In 
stitute of Technology, for the Industrial Hvgiene 
Foundation of America, Inc., 1949: Unpublished 


ing and since this is the time when the 
lower atmosphere is most likely to become 
unstable and provide the most effective ver 
tical mixing, a negative temperature dif 
ference is considered highly — significant 
evidence of low-level stability, 

No upper air soundings are available at 
Kingston, and temperature lapse measure 
ments are made over a height interval (146 
ft.) too short for effective utilization as a 
criterion of stability in a deep layer. For 
tunately a relation of altitudes similar to 
that reported by Willett prevails for the 
temperature measurements available at 
Kingston and the Knoxville airport. The 
elevation of the latter is approximately 250 
ft. higher than Kingston. The average 
temperature difference ([Kingston maxi 
mum temperature| minus [Knoxville air 
port maximum temperature|]) for the fall 
months of 1953 and 1954 was found to be 

0.27 deg. (F). During this period there 
were four runs of negative temperature dif 
ference of 2 deg. (FP) or more for three 
or more consecutive days. On the basis of 
the limited data available at Kingston a 
negative difference of temperature maxima 
exceeding 1 deg. (I) has been selected as 
the tentative criterion with regard to sta 
bility 

Willett’s study of the stagnation period 
of Oct. 27-30, 1948, reveals that fog per 
sisted in the valley beyond the noon obser 
vation each day during the — period 
Persistence of fog beyond the noon hour 
has been selected conditionally as the tenta 
tive criterion with regard to fog. Since the 
primary meteorological effect of the fog is 
attenuation of solar heating and hence day 
time turbulence, if the wind and_ stability 
criteria are fulfilled, the forecaster may 
elect to issue an extreme stagnation warn 
ing, even though fog breaks up at an earlier 
hour 


Frequency of Stagnation Alert Periods 
To formulate an estimate of the CX Per ted 
frequency of prolonged stagnation periods 


over the Tennessee Valley, a survey was 


made of the regional weather from January, 


© 
+ 
data 
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1899, through June, 


anticyclones which 


SERVIC! 


FOR AIR-POLLI 


1939 


persisted three days or 


In this survey all 


Case Study 


the Tennessee 


Valley within the first or second isobar 


longer and which covered 


were counted, using the Historical Weather 


Maps for the Northern Hemisphere. Sixty 


Paste 2.—Total Number of Three-Day 
January, 1899, Thr 


March 
l 4 


April 


May 
2 


five cases were found during the period of 
record surveyed. Table 2 shows the distri 
bution of the 65 cases by months 

( nly a small fraction of these cases could 
have resulted in severe smog conditions, 
with appropriate wind, stability, and daily 
fogs. However, by definition each of these 
65 occurrences would have required a stag 
nation alert. In addition, it is reasonable to 
assume that, under the normal uncertainties 
forecast, 


of 


associated with 


be 


alerts which would not be verified 


necessarily any 


there would an additional number 


A survey 
of the synoptic charts and other data reg 


at the Weather 


reveals that for the months of 


ularly received Knoxville 
Bureau Office 
\ugust through November, 1952 and 1953, 
anticyclone 


of these 


the threat of a stagnating 


seven threats 


developed sufficiently to fulfill the require 


times, but only one 


ments for issuance of an alert 


Qn the basis of these two surveys it 


appears reasonable to assume that the aver 
age frequency of stagnation alerts over a 
long period of operation would be between 
two and three times a ye 


ar, Since a general 


circulation pattern of the type required for 


stagnation over the Icastern United Sta 


once established tends to perpetuate itsel 
it 


is also quite probable that the occurrences 


In any one year might exceed this aver 
the 40-year 
surveyed the highest frequency for a single 
five 


Durin 


considerably period 


During 


and for 
the 


of 


season 


three 


Was any month, 
H)-year 


three 


single 


y period the as 


sumed average per year was ex 


ceeded five times. Three occurrences during 
any continuous 30-day period occurred but 


Anticyclones Ov 


Late 1 1954, 


Was 


n October, the first warning 


PVA, A 


brief case history of this stagnation period 


under this service given to 


follow 


the Tennessee Valle 


ugh June, 1939 


On Oct. 19, advices received 


| xtended 
Analy 


indicated 


the 
from the 
National Weather 
District Office 


Puesday 
the | cal 


Section 


iti 


held othee reca 


the “1s Center 


and the Forecast that a 
the 


velopment of 


Mi ile 


h wi 
Atlanty 


i deep low-pressure 


prevalent overt | urope 


astern with indications of the 


ystem 


during the 


over 


Atlantic Ocean and a general eleration 


easterly movement of 


the lk 


ystems 


ve days. On of this information 


advisors 
day 
expected to becom 


Mon 


emiweekly stagni trend 
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trend 


transmitted to on this modi 


iwnation was 


night and until 


day 


Saturda 


remain positive 
ue 
the ante yclone } ad set 


All avail 


to 


mornitiv 
ind North Carolina 


meteorological lata 


tled over 
ible 


further 


Pennessee 


wave little upport 


outheastward movement of the center 


nel ued 


According 


this 


the t alert i 


lhe 
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agnation 


morning ilert remained im force until 


(O00) | he % at which time it 


vated Phroug the alert period lox al 


a hourl 
id transmitted to the Weather 
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ant 


Bureau Oftice 
daily 
Southern 


Plates 


valuation the 

the 
Region 

the 


Kingste 


wit! 


present a 


tem 


ind wind velocitic 


Knoxville irport, tow 


ton during perio: 


talulity oceurred on Sun 


pera 
Knox 
departure ot 4 


peed if 


— 
t 
the } 
Was 
that the 
da oor 
obsery 
basi 
posit 
\pp 
Ill a 
nd at the ether th 
I et 4, 1954 when the 1 
ture ditference between Kingstor 
| 
Ville urport howed nevative 
ley Uniformly low wind all levels 
ip to ft. on ilso prevailed, and the 
heaviest st persistent fog wa observed on thi ae 
d Simultaneous registrations of sulfur dioxide ae 
the behavior of the smoke plume. Ear it 
to travel away from the rising core at three ele oe 
n (three) flerent directw hy 


a\ 


PLATE 
MAP FOR I:30AM EST 


DAILY WEATHER MAP\ 


WEATHER BUREAU 
© 


PLATE IC 
MAP FOR |:30AM EST 
OCTOBER 24,1954 ~/ 


Plate | 


He 

“4 we 3 

\ 


DAILY WEATHER \, 


U S DEPARTMENT OF MMERCE = 
~ 


MAP FOR |:30AM EST 


) 
7U S DEPARTMENT OF COMMERCE 


PLATE ID 


MAP FOR |:30AM EST 
OCTOBER 25,1954 


Plate I—continued 


4 
{ \\ / a 

| \ Rep 


A.M 


MAP FOR 1:30AM EST 
OCTOBER 26,1954) 


havior of the plume had also been observed on Oct 
5 when simultaneous registrations of sulfur dioxide 
occurred, It is possible that this behavior of the 
plume may become a valuable on-the-scene method 
of evaluating the degree of stability at the plant 

Upon receipt of the stagnation alert on Satur- 
day morning, Oct. 23, the plant personnel took steps 
immediately to modify plant operations according 
to prearranged plan, From monitoring instruments 


and special sampling it was determined that satis- 


factory control was ac hieved 
Concluding Comments 
The forecasting service, as described 


above, leads to a particular control action. 
Since preventive measures may take time to 
set into operation and can be expensive, still 
another reason appears for developing more 
accurate medium- and long-range- forecast 
ing methods. In the present case recogni 
tion of potential air stagnation is not a 
severe forecasting problem, but the number 


of false alarms must be kept small, while 
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insuring that notice is given of all genuine 
periods of stagnation. 

A study of 
Ikastern United States which favor air stag 


weather situations the 


nation has already appeared.4 It would be 
well to extend these considerations to other 
regions, seeking other meteorological models 
for air stagnation and taking into account 
topographical features and land-sea boun 
daries. 

Local small-scale weather processes which 
the 
weather patterns also require further atten 
The 


stable, yet restless field of flow which occurs 


accompany stagnation of larger-scale 


tion. nearly calm, on the average 


at times in the lower atmosphere is more 
difficult to quantify than the familiar case 
of moderate or strong wind, steady in di 


rection. However, qualitative and phe 


nomenological studies can form _ the 


beginnings of a challenge to this difficulty. 
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Activity asa of thie 


Toxicity of Hydrocarbon 


W. L. BALL, Ph.D. and 
and 
KINGSLEY KAY, Ph.D. Ottawa, Canada 


mineral content of the carcass Con 
entional hbrochemical and phy siological 
tests were not included in view of the nega 


tive findings of Prine: * who tried an exten 


Diagnostic and toxicity assessment pro sive range on workers exposed to these two 
cedures covering gross health effects from substances 
exposure to the chlorinated hydrocarbon Our dieldrin work was carried out with 
insecticides are currently available. There 50 female Sprague-Dawley rats from a ran 
remains, however, a need for methods of — domized group of age range 32 to 35 days 
early detection of ill effects, because these Twenty-five of these rats (average weight 
chemicals act as chronic potsons. Further 85.7 +1.5 gm.) were fed Master Feed box 
more, they occur at extremely low levels as Breeder Starter Meal containing 50 ppm of 
residues in treated spaces and in’ food; crystalline cheldrin The remaining 25 
hence, evaluation of marginal toxicity is also (average weight, 84.4¢1.3 gm.) received 
important. The adequacy of conventional only the meal. The aldrin-fed group was 
criteria in establishing marginal toxicity similarly constituted and has been deseribed 
due to the chlorinated hydrocarbon insecti in a previous paper.” beeding was at levels 
cides has yet to be fully established. Mean over the range of 20 to 100 ppm 
while in our laboratory recent findings 
related to the in vivo response of certain Index of Weight Change 
enzymes to this class of insecticides have Qur previous report ® on aldrin-fed rats 
lirected attention to the possibility of add indicated that these ammmals gamed weight 
ing a useful assessment method to the faster than controls on diets contaming be 
present range tween 20 and 100 ppm. This effect has now 

In previous experiments! a rise in serum been confirmed with rats fed-cieldrin at the 
esterase activity was found to follow th level of 30 ppm Weekly weights for the 
administration of the chlorinated hydro. experimental group and the controls are 
carbon insecticides, aldrin, dieldrin, chlor shown in | ivure ] The accelerated growth 
dane, heptachlor, and DD. DPD. I In the of the test animals commenced early im the 
present paper the response of the serum experiment. The gain was consistent, and 
esterase of rats fed on low dosages of when the test was concluded at 57 weeks 
drin and dieldrin is compared with other — the dieldrin-fed rats were 17 heavier than 
criteria of chemical stress, such as mortality, controls (P= 0.01 ) 


weight change, effect on estrus cycle, path , 
ology, and changes in fat, morsture, protem Repression of Estrus Cycle 


The effect of aldrin Ingestion on the 
Received for publication May 14, 1956 


estrus eycle of femate rats was deseribed in 
From the Laborator Services of the Ocecupa 


tional Health Division, Department of National in earlier publication * from this laboratory 


Health and Welfare as an initial repression, with a subsequent 
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return to normal frequency of positive 


smears in spite of continued administration 
of the chemical. A 
(P=001 ) 
on dieldrin at 50 ppm in the diet. 


similar repression 


was found for the test animals 
In this 
case there was no indication of adaptation, 
and the repression continued throughout the 
The data 
the dieldrin group are shown in Figure 2. 


course of the 57-week test. for 


Gross Anatomy at Autopsy 


Postmortem findings on our aldrin-fed 


1S} 


Fig. 2-—Average pet 
cent positive estrus 
smears per 10-day period 
for rats on dieldrin diet 
compared with controls 
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4 
Fig ] (srowth chart 
of controls and dieldrin 
fed rats (25 animals per 
group) 
40 45 50 55 


rats were not included in the previous pub 


lication * and are given in this paper along 
with the observations made on the dieldrin 
fed group. 

At the conclusion of the chronic feeding 
tests (64 weeks in the case of aldrin and 
57 weeks in the case of dieldrin) selected 
organs were removed from test and control 
animals and weighed. Table 1 
It will be observed that, 


summarizes 


the organ weights. 


for both aldrin and dieldrin, the livers of 
T T T T 

2 


27 
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Gross Anatomy of Female Rats Fed Aldrin and Dieldrin Compared with 


Controls (Twenty-five Animals per Group) 


Aldrin at 2-100 PPM 


Dieldrin at 
7 Wk 


for 4 Wk for 


Average Wt. in Gim 
Control 
Body $27.2 
Liver 
Heart 
Spleen 
Kidney 
Lung 
* Significance of difference from controls, = <0.01 
t Significance of difference from controls, I’ om 
test animals were larger than controls 


(f= In addition, hearts of the 
aldrin rats were significantly larger than 
<0.01). The over 
all length, nose to tail tip, of the aldrin rats 


Was measured 


those of the controls (P 


No significant difference be 
tween experimental and control groups was 
found, 


Carcass Analysis 


Carcass analysis for fat, moisture, protein, 
and ash was performed in view of the accel 
erated growth found in the test groups 

Phe skins and tails of the eviscerated rats 
from both experimental groups and controls 
were removed and the carcasses run through 
Table 2 


moisture, 


a mechanical meat grinder sum 


marizes the values for 


protein, 


lest Control Pest 

$21.2 ree | 

ios 15.7? 

11 

of oe 

12 

17 


fat, and ash which were obtained on both 


test and control animals by standard meth 
ods.4 The percentage of fat for the aldrin 
test group was lower than controls, but sig 
nificance of the difference 
(P=0.05). In the 
was significantly higher than in the carcasses 
of controls (P=<O0.01). No 


differences between test and control groups 


was 
dieldrin-fed 


marginal 


group fat 
significant 


for moisture, protein, or ash were found 


Histopathological Observations 


The organs to be examined for pathology 
were fixed in formalin, blocked in paraffin, 
sectioned at 5p thickness, and stained with 
hematoxylin and eosin. In the case of the 
aldrin-treated rats. the pathologist noted a 


mild cloudy swelling occurring in the livers 


Paste 2—Carcass Analyses of Female Rats Fed Aldrin and Dieldrin Compared with 
Controls (Twenty-five Animals per Group) 
Aldrin at 26100 PPM Dielirin at PPM 
for (14 Wk for 57 Wk 
Analysis 
Control Test Control Test 
Moisture (fat-free basis), per cent 745 74.20 74.63 74.47 
Protein (N 6.25), per cent 
Ash, per cent 2. 
* Significance of difference! rom controls, I’ on 
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Taste 3—Number of Female Rats bed Aldrin and Dieldrin Which l-xhibited 


Pathology ( Twenty-fi 


Aldrin at 20-100 PPM 


7 


¢ Animals per Group) 


Dieldrin at 50 PPM 
k 


for (4 Wk for 57 W 

Organ 

Control Test Control Test 
Liver 6 13 | 
Laing | 2 
Hrain 0 | 0 
Adrenal 0 4 
kidney 2 
(ovary 4 
Potal 22 4 


of some test animals. In the dieldrin ani 
mals minimal fatty degeneration and con 
gestion ina number of livers were reported 
Table 3) summarizes all aberrations from 
normal noted, Liver abnormalities predomi 
nated, as might be expected from the in 
creased weights found for livers from 


treated animals (Table 2) 


Serum Esterase Changes 


Increased serum esterase activity in rats 
following intake of the chlorinated hydro 
carbon insecticides, aldrin, dieldrin, D. D 
chlordane, and heptachlor, as demon 
strated in our earlier experiments, has been 
established our laboratory for various 
levels of intake and by different routes of 


' It was also found that ex 


administration 
treme rises in esterase were present om 
poisoning of fatal termination, Of primary 
significance in relation to the present paper, 
rats which ingested aldrin at the level of 100 
ppm in the diet showed a gradual increase 
in serum esterase to 1490 of control levels 
by the S&th day. Later tests, not previously 
published, have shown that the augmented 
activity was maintained, being 1226 of 
controls at the 37th week for the rats on 
<O.01) 


Phe dieldrin group at the level of 50> ppm 


20-100 ppm in the growth test (P 


showed statistically significant rise of 


111% over controls after a similarly ex 


$22 


With 


this confirmation of a. sustained serum 


tended period of intake (P 


esterase rise over long periods of ingestion 
at low dietary levels, further experimental 
work was directed toward establishing the 
toxicological significance of the phenome 
non in relation to other criteria, as discussed 


in the present paper 


Comment 


The low-level feeding experiments with 
aldrin and dieldrin, described in this paper, 
were carried out at roughly the minimum 
level of intake at which significant effects 
on rats can be demonstrated with conven 
tional criteria. The levels of intake were 
estimated from range-finding tests our 
laboratory and from the work of Treon 
and) Kitselman, Dahm, and Borgmann.” 
Thus, the comparison of the phenomenon 
of serum esterase change with the other 
criteria was made at a critical stress level 
Where the need for additional diagnostt 
and assessment procedures has existed 

The observations on the index of we ight 
in Our experiment demonstrated accelerated 
growth in terms of weight for rats fed on 


a long-term basis at levels of 20 to LOO ppm 


* Treon, |. and others: Toxicity of Aldrin, 
Dieldrin, and D. 1D T. When Fed to Rats Over 


the Period of Six Months: Unpublished data 
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aldrin and 50 ppm dieldrin. Treon + in 


similar tests with aldrin also found acceler 
ated weight gain for rats at 75 ppm. On 
the other hand, Kitselman, Dahm, and Borg 
mann” found no weight difference between 


controls test diets 


AVA 


rats on containing 
ppm up to 125 ppm dieldrin, at which 
point test animals failed to gain weight as 
rapidly as controls. From these findings it 
would appear that weight change may not be 
criterion of tox 


consistently reliable as a 


icity for minimal feeding levels of the chlori 


nated hydrocarbon insecticides. On the 
other hand, in our experiments accelerated 
weight) gain on aldrin and dieldrin’ was 


definite and can properly be considered in 


relation to the other criteria employed 
Repression of estrus cycle has been dem 


onstrated for both the aldrin and dieldrin 
test groups; however, the repression was not 
sustained in the aldrin group. The potential 


usefulness of the criterion as an index of 


toxicity for these chemicals when adminis 


tered at low level is doubt ful 


The results obtained from careass analysis 
failed to reveal any abnormality in the a 
celerated growth at the minimal levels of 
aldrin used in our experiments, for no 
significant differences between test and con 


trol found. In the case of 


CarCasses Were 
the dieldrin group the carcasses contained 
5% more fat than controls, but this excess 
does not account for the excess of 17% in 
over-all weight of these animals over con 
trols. In these circumstances carcass anal 
ysis cannot be claimed to have disclosed any 
common eftect of the closely related chlori 
nated hydrocarbon insecticides ingested, and 
in this experiment it does not offer a eri 
terion against which to 


compare esterase 


findings 

The reliability of organ weight changes as 
an index of toxicity has been emphasized 
by Smyth.® Table 1 


liver enlargement to the extent of roughly 


15% 


Data in indicate that 


over controls occurred in both our 


test groups. This approximates the over-all 


increase in body weight, but other organs 


+ Treon, |. F., and others: | npublished data 
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except the hearts from aldrin-fed animals 
did not show weight merease over corre 
sponding organs in the control groups. Fur 
thermore, Freon t has observed that 


increase in liver weight of rats occurred 


even at high dosages of aldrin where loss of 


total body weight was recorded In fact, 


there is no evidence from our study that the 


Increase in liver weight of test rats is related 


to the EXCESS I OVET 


all weight. The en 


larged livers of the rats on aldrin and 


dieldrin appear to represent a speci aspect 
of the toxic effeet of the chemicals ingested 
Histopathology —contirn this conclusion 
Mild cloudy swelling for the majority of the 
aldrin-group livers was found and minimal 


liver changes of for the 


cheldrin group 


(oross anatomy and histopathology have 
provided clearest evidence for the toxicity 
of aldrin and dieldrin) under th experi 


mental conditions which prevailed in) our 


tests. The increase in serum esterase which 


ACCOM panic d these change s therefore appears 


lo assume real toxicological significances It 


Is Of tnterest to note that augmented levels 


also occurred in rats acutely potsoned with 


aldrin! when growth were not 


changes 


present, suggesting that the index 


likely retleets the hepatotoxic action of ikdrin 


than its effeet on growth. The possibility 
may also exist that the Increased = serum 
esterase level retlect anothers aspect of 


toxicity not even covered by our investiga 


tions In any event, the esteTase Tespotise 


of our rats has provided an index of bio 


chemical change associated with ingestion 


of aldrin and dieldrin at minimal toxic 


levels. This change was sustained through 


long intake rica It has also been dem 
onstrated for acutely porsoned rats.' I he 
conformity of the response of aldrin, diel 


drin, chlordane 


acute levels ! 


and D. Dd. T. at 


that the 


heptachlor 
suggests 


the latter three compounds 


re ot 
at minimal level 


would also conform. The simplicity of the 


esterase determination and its appleability 


to the living animal are 


teatures which con 


SC 
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trast favorably with other criteria hereto 
fore available. Some indication of — the 
potential value of the new index in the 
broader field of animal work and clinical 
study has already been obtained. It has 
been shown by Gomori * and later by Rider, 
Moeller, and DuBois * that the enzyme. spec 
trum covered by the Gomori technique can 
be varied by using different pH levels. Thus, 
the test can probably be adapted to suit 
species differences in enzyme response fol 
lowing intake of the chlorinated hydrocarbon 
insecticides, In this connection our specific 
enzyme investigations! showed that in the 
rat aldrin augmented the triacetin hydrolyz 
ing fraction of the esterases. This substrate 
is hydrolyzable by a relatively broad range 
of enzymes which occur in most mammals. 
The prospects that other species will show 
esterase response to the chlorinated hydro 
carbon insecticides are therefore promising. 

The influence of other chemicals and dis 
ease on the level of the esterase in the blood 
of mammals has been investigated by many 
workers, and a review of the literature on 
this aspect was included in our previous 
publication.’ It is significant relation 
to the potential value of the index for use 
in chlorinated hydrocarbon study that the 
orgamic phosphates, the other important 
group of insecticidal chemicals, reduce the 
esterases, 

In cases of exposure to both classes of 
chemicals this may complicate identification 
of the relative role of the chemical stressors. 
Calcium gluconate in humans,” certain lipo 
tropic agents in rats,'” and the thyrotoxic 
drug, thiouracil, in rats" have also been 
found to affect the esterases. Finally, 
esterase response of several species to car 
bon tetrachloride has been reported, § though 
patterns of response were dissimilar. This 
was likely due to species differences and to 
the variety of substrates employed. Never 
theless, the sensitivity of the various species 
to this simple chlorinated hydrocarbon sug 
gests that esterase response in most mam 
mals may be expected to follow intake of 
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the more complex chlorinated hydrocarbons 
of insecticidal character. As carbon tetra 
chloride rarely occurs in the field in asso 
ciation with the related insecticides, no 
problem in identification of chemical stressor 
need be anticipated. 

Final evaluation of the serum esterase 
index in chlorinated hydrocarbon exposure 
can only be reached by additional experi 
mental work and clinical trial. It has been 
one of the main purposes in reporting our 
progress to encourage trial of this index, 
especially in clinical centers when suitable 
case material is available, 

Careass analyses were performed under the 
direction of Mr. R. B. Carson, Division of Chem 
istry, Canada Department of Agriculture, Ottawa 
Pathologic investigation of the aldrin rats was per 
formed by H. C. Grice, D.V.M., Food and Drug 
Divisions, Department of National Health and 
Welfare, Ottawa. Pathologic investigation of the 
dieldrin rats was performed by J. C. Paterson, 
M.1)., Department of Medical Research, Collip 
Medical Research Laboratory, University of West 
ern Ontario, London. 
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p 
During Airplane Application of Whalathion 


PAUL E. CAPLAN, B.S. (Ch.E.), M.P.H., 
Los Angeles 

DWIGHT CULVER, M.D. 

and 


WILLIAM C. THIELEN, B.S., Berkeley, Calif. 


During the summer of 1955 a joint study 
was undertaken by the California State 
Department of Public Health and the U.S 
Department of Agriculture to determine the 
feasibility of using aerial applications of 
malathion on populated areas to control 
adult mosquitoes.” Leeause such applica 
tions would mean community-wide expo 
sures to orgamic phosphate insecticide, we 
were given the responsibility for determin 
ing the magnitude of the exposures involved 
in this type of operation 

Malathion was applied over the small 
community of Planada (population, 1500) 


in the Central Valley of California. The 


Fig. 1.—Light aircraft showing spray boom 

and angular orientation of nozzles—VPlanada 

Study, 1955 


Submitted for publication April 17, 1956 
Cahtorma Department of Public Health 
Presented at the 17th Annual Meeting of the 
American Industrial Hygiene Association, Phila 
delplhia, April 27, 1956 

*(ijuillin, M Keport on Toxicological 
Studies of Mosquito Adults and Larvae 


Cahtorma im 1955 published 
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spray material, containing 7.54 technical 
malathion, 4% S.A.K. No. 40 motor oil, 
22% Shell solvent No. 2, and 66.5% 
medium grade diesel oil, was applied at the 
rate of 0.46 Ib. of malathion per acre from 
an altitude of 70 ft. It was discharged 
through No. 4 spray nozzles from a boom 


under the wing of a light airplane (Pig. 1) 


Methods 


Three methods were used to determine the 
potential exposure of people in the path of the 
spra (1) Surface-deposit papers were attached 
to the ceilings, floors, and indoor walls of buildings 


(as shown in Fig. 2) and to the horizontal surfaces 


Fig. 2.-Surface-deposit papers 
attached to ceiling and wall of 
building—Planada Study, 1955 

of exposed outdoor locations; (2) to represent 
areas of possible skin exposure, alpha-cellulose 
pads tT were attached to the head, neck, shoulders, 
forearms, hands, and thighs of each person work 
ing on the project, and (3) atmosphere concentra 


tions of malathion were measured 


Purayonier-’, manufactured b Rayomer 


Corp, New York 


=) 
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EXPOSURES DURING AIRPLANE APPLICATION OF MALATHION 


The surface-deposit papers were exposed during cation concentrations were reduced to 0.044 
malathion application and collected approximately mg/m." im the unprotected areas and 0.034 
spraying 

m 


mg/m.” in the partially protected areas 
operations The body-surface pads were worn 


three hours after completion of the 


during the application and removed approximately — ‘ ther samples taken during th period of 


two hours after completion of the operation Lhe spray application and continued for one 
ur samples were collected during the spraying and hour afterward were 0.056 mg/m nh par 
tor penods up to two hours following Aut tially sheltered areas and 0.014 mg/m 
samples were taken in three types of loeatior 


nside the schoolroom \tmospheric sam 
inside a schoolroom with all windows and 


door 
open; in the open fields (unprotected areas), and taken in the unprotected and partially 
in back yards partially protected by trees, build 


ing rrotected areas contained four to six times 
nd bushes The collection instruments were is much material as those taken inside the 
standard Greenburg-Smith impingers and lroom 


| able 


schon 
tritted absorbers, using 95% ethyl aleohol 
: 2 presents values for surface de 
collecting mediun All samples were 


the colormetric method of Norris. Vail ‘ m outdoor horizontal surface 


ind on 
Averell,’ which has an analytical 


sensitivit im tl ili Hoors, and ills The \ ilues 


on 
105 Prior to analysis the filter paper 


surtaces ranged from O.08y/em.* to 
nd cellulose pads were extracted with 95% ethy 


the amount on ce ihings 
leohol te ho co 1 S« 
hol ur ur the nventional vas 0) ] ty em.*, the 


iverage amount on walls 
apparatus. Samples were read in a Becekmar 


was O11 em.*, and the average on floors 
spectrophotometer, using matched 10> en K , 
cells was O.12y cm.” 


Outdoor values ranged from l.6y/em.4 
Results 
MSy/em.*, with an average of 


\tmospheric samples taken during the This 


represents 0 4? Ib per acre Q1% 


periods ot spray application ( Table 1) calculated appleation rate 0.46 


Atmospheric Concent f thin—Planada Stud 1955 


Jperation 


Inside Schoolroon 


During spr 
{unde 


Average 


(one hour afte 
A Verage 


Overall sample 
tange 
A Verage 


* Milligrams of malathion per cubie meter of ats 
One sample 


Source “tate of California, Department of Public Hea 


varied from 0.067 mg/m.* in unprotected Ib. per aere igure 4 shows droplets in 
areas to O.OSS mg/m." in partially protected |) nged on a clean automobile windshield 


wives 


are: (one hour after completion ol appli his 


at qualitative picture of the char 


2 urface Depo viudy, 1955 


Horizontal 
Outdoor Surface 


* Micrograms per square centimeter 
Source tate of California, Department of Public 


1 
th 
} 
Location 
Unprotected Area emisheltered Are 
Mg./M.** Mg. M.* Me. 
OOO 0.050012 
lanada Study, 10% 
Range 0.00-0.2 One sample 40 
Average 
‘ 
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MALATHION EXPOSURES IN PLANADA STUDY, 1955 
AIRPLANE APPLICATION 


WORKING OUTDOORS 


1.61 ¥ 


A5 1.77 


2.62 


1.55 


1,10 


TOTAL EXPOSURE 
INSPIRATORY «109.2 Y 
SKIN= 3556 


IN SCHOOL ROOM 


TOTAL EXPOSURE 
INSPIRATORY = 23.57 
SKIN = 98647 


Figure 3 


acter of the spray. Varticle-size determina 
tions based on fall-out slides used by the 
Department of Agriculture gave a mass 
median diameter of 109” with particles 
ranging up to 352p. 


Fig. 4.—Droplets impinged upon a clean auto 
mobile windshield—Planada Study, 1955 


{Cjuillin, M Report on Toxicological 
Studies of Mosquito Adults and Larvae in Cali 
fornia in 1955: To be published 
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ligure 3 gives a schematic comparison 
of the skin, body surface, and inspiratory 
exposures of a man working in an unpro 
tected outdoor location with those of a man 
working the schoolroom Average 
amounts of malathion in micrograms pet 
square centimeter of surface area deposited 
on various parts of the body are shown 
with lines pointing to the respective body 
areas. These values range from 0.45y/cm.* 
to 2.82y/em.* for a man outdoors and from 


0.25y/em.2 to 0.56y/em.? for a man indoors 


Comment 


he average air concentration taken with 
the fritted glass absorbers was 0.061 
mg/m.*, and the average concentration taken 
with Greenburg-Smith impingers was 0.016 
mg/m." This is shown in Figure 5. Since 


these samples were taken simultaneously in 
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EXPOSURES DURING AIRPLANI 


IPPLICATION O} 


VALATHION 


MALATHION CONCENTRATION MEASUREMENTS 
IMPINGER AND ABSORBER SAMPLERS 


PLANADA STUDY, 1955 


BY 


20r 
/ (a) 
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'S} t 
/ 
/ 
< / 
4 
Je 
/ 
10 
/ 
< 
a le 
ALL GLASS FRITTED ABSORBER SAMPLER 
« 
GREENBERG-SMITH IMPINGER SAMPLER 
> 5 \™) SAMPLING STARTED | HOUR AFTER COMPLETION 
or SPRAYING 
ABSORBER AVERAGE CONCENTRATION« 
0.061 
IMPINCER AVERAGE CONCENTRATION® 
0.016 MG/M* 
200 400 600 600 1000 1200 1400 1600 1800 2,000 
AIR VOLUME SAMPLED IN LITERS 
bigure 
the same atmosphere, an evaluation of these \s shown in Table 2 analysis of indoor 


data indicates that the fritted glass absorbers 
were consistently four times as efficient as 
the Greenburg-Smith impingers for measur 
Ing this type of aerosol, Therefore, a factor 
of 4 was applied to all Greenburg-Smith im 
pinger results 

Studies progress our department 
indicate that the fritted absorber also may 
have a reduced efficiency when used to sam 
ple liquid droplets of very small diameter 
We are attempting to determine more closely 
the absolute efficiency of these and other in 
struments for measuring aerosols of specific 
suggest 
unless the particle-size spectrum of the aero 


article size. Our. findings that, 
| 


sol is known, the indiscriminate interchange 


of sampling devices may produce incon 


sistent results, leading to errors in establish 
ing threshold values and in making other 


] 


toxicological interpretations 


urface deposit papers indicates that nearly 


equal amounts of malathion were deposited 


on walls, ceilings, and floors. This rather 
even distribution may indicate that only 
particles below 3p drifted into buildings. Of 
further interest is the fact that the average 


amount found on indoor papers was 3% of 


the average amount found on outdoor 


papers Phus, we conclude that, le spite the 
large 


at least 300 of the 


presence ot droplets in the outdoor 


atmosphere material was 


in droplets below 3 in diameter 


lf we compare results of outdoor and 


indoor surface-deposit measurements with 


those of outdoor and indoor atmosphert 


concentrations, we can obtain an estimate 


of the amount of malathion present in the 


outdoor atmosphere in droplets tow large 


to have been drawn into the 


sampling in 


struments. Outdoor surface deposit paper 


36 
ae 


A 
contained 30 times the amount found on 
indoor surface-deposit papers. Let us as 
sume that this indicates that the outdoor 
atmosphere contained 30 times as much 
material as the indoor atmosphere. How 
ever, our atmospheric sampling — results 


indicated that the outside atmosphere con 
tained only four times as much material as 


did the indoor atmosphere This discrep 


ancy leads us to conclude that there was 
seven and a half times more material in the 
outdoor atmosphere than we were able to 


collect by our atmospheric sampling devices. 
Thus, we have a very large amount of ma 
terial in the outdoor atmosphere which can 
not be measured by ordinary sampling 
instruments, 

Although this material in large droplets 
was probably not inspirable, it may have 
been responsible for the major portion of 


the outdoor skin exposure, On this assump 
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tion we measured skin exposures in order to 


obtain a more complete estimate of total 


hazard than would have been given” by 


measurements of air concentration alone 
higure 6 is a bar graph comparing the 

magnitude of body-surface exposures out 

It 


that outdoor body-surface exposures vary 


doors with those indoors can be seen 
greatly, depending upon the amount of pro 
tection provided a given area by other parts 
Thus, the front of the neck 
received a relatively low exposure (0.45y 
of a partial shelter by the 


chin, while the shoulders received a rather 


of the body 


» 
) because 


high exposure (2.82y/cm.*) because they 


were horizontal and unsheltered. Indoors 


all body surfaces received essentially equal 
exposures 

Total skin exposures were calculated as 
though the men had been dressed in long 
short-sleeved shirts with 


trousers, open 


AVERAGE MALATHION DEPOSITS ON BODY SURFACES 


IN OUTDOOR AND 


INDOOR WORK 


PLANADA STUDY, 1955 


MICROGRAMS MALATHION/CM? 


WORKING OUTDOORS 
working In 
ROOM 


HEAD 


BACK NECK FRONT 


NECK 


SHOULDER FOREARM 


HAND THIGH 


BODY SURFACES 


Figure 6 
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EXPOSURES DURING AIRPLANE APPLI 
sport collars, and without hats. We esti 
mated total skin exposures by taking the 


results of pads representing skin exposed 
by this type of dress and multiplying the 
analytical results by factors * which relate 
These 


lations gave us an exposure of 3556y for 


to corresponding skin areas caleu 
aman outdoors and 984y for a man indoors 
during airplane spray operation and for two 
The skin 


four the 


hours afterward outdoor expo 


sure was roughly times indoor 
eXposure 

We are assuming that our air“sampling 
that the 


spectrum capable of being drawn 


results represent fraction of pra 


ticle-size 


into the external nares. The total inspira 


tory exposures were calculated from the 


average air concentrations by estimating the 
average breathing rate to be 14 liters pet 
minute during the two-hour period of ex 
posure. Thus, the total inspiratory exposure 
of a man outdoors was 109.2y and of a 
man indoors 23.5y. The outdoor exposure, 


therefore, was about five times the indoor 


Inspiratory exposure 
One way to estimate the possible hazard 


from these exposures to malathion is to 


compare them with the results obtained in 


a previous study * in which exposures were 


measured during a period when frequent 


tests of cholinesterase activity levels were 


being made. A man in the previous study 


was exposed 23 times during a two-week 
period to amounts of malathion which aver 
aged Crange, 93y to 72167) by inspira 
tory route and 2565y (range, 50y to R81By) 
on the skin. The cholinesterase levels of this 


man during the two weeks of exposure 
showed no change due to malathion absorp 
tion. Since the men were exposed during 
this present study to only one spray appli 
cation, their exposure was considerably less 
than the cumulative exposures of the man 
in the previous study 

\nother means of estimating the amount 
of hazard involved in a given exposure is 


to compare that eXposure with the animal 


OF MALATHION 


L.s0 


pended upon to react always as humans do 


Although animals cannot be de 


such comparisons can often be of value in 
making rough estimates of human toxicity 
Comparison can best be made on the basis of 


a milligram of insecticide 


per kilogram 


(ing/kg.) of body weight. Although no 


inspiratory L.. has been established for 
animals exposed to malathion, we estimate 
the the established 
intraperitoneal L.. of 750 mg/kg.* The 
D.se has been established 
as greater than O150 mg/kg.§ 
on a mg kg 


it to be in order of 


acute dermal L. 


Calculated 
basis, our outdoor inspiratory 


exposure was 0.0016 mg/kg. and would 
have to be multiplied by 500,000 to equal the 
L.. Dise of 750 mg/kg. The indoor inspira 
tory exposure, 0.00034 mg/kg. would have 


to be multiplied by 120,000 to approach the 
The skin 
exposure was 0.051 mg/kg. and would have 
to be multiphed by 120,000 to approach the 
level, while skin 
exposure of 0.014 mg/kg have to 
be multiplied by 420,000 


D.50 of 750 mg kg outdoor 


6150 mg/kg the indoor 
would 
Thus, on the basis 
of our findings we can state that applica 
the 


tions of malathion in 


amount used in 
this study constitute no hazard to the normal 


human population 


Summary 


Measures of human mala 


exposure to 
thion applied at 0.46 Ib. per acre by airplane 
were 


made by surface 


| hese 
the open 
had a 


( omparison of 


air-sampling and 


deposit measurement techniques 


measurements made im 
The spray 


109, 


were and 


inside buildings 


Mass 


median diameter of 


alt sample 


measurements with surface 


post 


measurements indicates that air 


sam 
pling measured only 120 of the insecticide 


the 


inspiratory ex 


present in outdoor atmosphere 


«© probably represents 


posure. A man working in the open received 


an Inspiratory 


exposure about five times 


greater than that of 


a man working inside 


§ \merican Cyanamid ¢ 


ompany Report, 195 


44] 


om 
il 


A 


a building. The outdoor skin exposure was 
roughly four times the indoor exposure. 
During the complete operation of airplane 
spraying of a small town, the total exposure 
of a man working outdoors was such that, 
when calculated on a mg/kg. basis, his in 
spiratory and skin exposures would have 
had to be multiplied by factors of 500,000 
120,000, 


L.. of experimental animals. 


and respectively, to approach 

On the basis of our findings we can state 
that application of malathion in amounts 
used in this study constitutes no hazard to 


the normal human population 
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|. Study of a Simulant of Fall-Out from Nuclear Detonation Under Sea Water 


STANTON H. COHN, Ph.D. 
WILLIAM B. LANE, B.S. 
JOSEPH K. GONG, B.S. 


JOHN C. SHERWIN, MS. 
and 


WALTER L. MILNE, B.S., San Francisco 


Introduction 


Radioactive isotopes formed in nuclear 
detonation or controlled nuclear fission can 
constitute a biological hazard if inhaled or 
ingested. In order to evaluate the biological 
hazard resulting from an acute exposure to 
air-borne radioactivity, data on the uptake, 
distribution, and retention of the fission pro 
ducts are required, This ts particularly ne« 
essary for the period immediately following 
detonation when the radioactivity is domi 
nated by radionuclides with half-lives rang 
ing from a few minutes to days 

Partial information on the internal 
radiation hazard from fission products has 
been obtained from previous studies of the 
metabolism of some long-lived radionuclides 
individually inhaled or administered paren 
terally to animals.” Laboratory studies of 
the metabolism of the whole spectrum of 
newly formed fission products are neces 


sarily limited by the stringent requirements 


n obtaining and handling the radioactive 
material and the limited time available for 
its use. The present study attempts to re 
produce in the laboratory an acute exposure 
of animals to early fall-out (2 to 3 days old) 
from a nuclear detonation 


Since the uptake and distribution of the 


l'. S. Naval Radiological Defense Laboratory 
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fission products depend to a great extent on 
the carrier material used, several simulants 
of fall-out from various types of nuclear 
detonation were developed and studied, The 
simulant used in this study was made up in 
sea water, with the fission products orig 
inally present as chlorides. It thus has prop 
erties which approach those of the material 
that would actually be produced by a nuclear 
detonation in sea water. Should a detona 
tion produce a contaminant of substantially 
different chemical form (oxides, for ex 
ample ), the conclusions reported here would 
require modification, particularly as regards 
retention and absorption in the lungs 


Methods 


Che experimental apparatus, acrosol yen 
erator, and animal inhalation chambers are 
shown in Plate 1 

1. Preparation of Fall-Out Simulant.— The simu 
lant used im this experiment contained the toni 
form of a 65-hour fission-produet mixture pre 
pared by neutron irradiation of uranium (MTR 
reactor tT). The uramum was dissolved in HCI, and 
total carner (inactive 1 ot tission product 
elements) was added in sea water The details ot 
production and generation and the physica 
iracterization of the simulants of fall-out 
the rious type ot nuclear detonation are pre 
ented um a eparate report 

The particle-size distribution wa determined 
from photomicrograpl on a water-droplet sensi 
tive film which was exposed to the aerosol I hee 


ize of the submicroscopie particles was determined 


in electron micrograph ot in exposed Fort 
var shide* The maximut ize of the droplets wa 
47m, with a mean diameter ot 1 Xu 

> Animal Chamber he simulant 


was aspirated as a liquid aerosol into three animal 


MTR Irradiation Service, Phillips Petroleun 
(o, Idaho Fall, Idaho 
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VS 
‘ 
| 
444 iA 


Plate 
halation chambers 


od of 


Mouse in 
Meth 
simultaneously ex 
three 


posing nines to 


different concentrations 
of radioactive aerosols 1s 


illustrated 


rs enclose d 


(Vlate Il). A 


exposure 


hox large chamber 


an airtight gloved 


(1) 


was ce 


signed to hold 64 mice, while two smaller chambers 


(17 and held 18 mice each 


placed im the inhalation chambers 


their noses protruded into the air 


method of exposure was designed 
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only 
This 


Ze 


am 


A, ARCHIVES OF INDUSTRIAL HEALTH 


Plate I 
of apparatus for exposing 
fall 
lead 


hox at 


Arrangement 


radioactive 
The 


gloved 


mice to 
out simulants 
shielded 
the the 
Phe 


center 


right 


Contains 
aerosol «generator 
gloved box in the 


contams the animal ex 


posure chambers 


both deposition on the and oral 
the fall-out material 


3. Aerosol 


were 


hur stion of 


Ihe three cl 


proportioning 


Distribution umber 


connected to a mamitold de 


signed to provick simultaneously a concentration 


ratio of air-borne activity of 100°10¢1 in Chambers 


1, and respectivels The aerosol was ger 


oF 
d 
a 
‘ 
4 
\ 
| 
q 


activity 


INHALATION AND RETENTION OF RADIOACTIVE FALL-OU7 


erated at a rate of ft. per hour and drawn 
through the three chambers by a vacuum pump, 
thus maintaining the pressure in the chambers 
slightly below atmospheric. The exhaust air was 
drawn through CWS filters and vented to the hood 

The aerosol concentration in each of the three 
chambers was determined by drawing a measured 
volume of air through a sampler in the chamber 
and measuring the gamma activity." 

Auxiliary equipment included tanks 
pressed air, pressure and flow’ controls, air 
humidifiers, a system for cleaning and emptying 
the aerosol disperser cylinder, manometers and 
Howmeters to read flow in the several sampling 
systems, filters to remove radioactive particles 
trom all exhausted air, a pump to keep the gloved 
hox below atmospheric pressure, and valves and 
variacs to control the flow in the various vacuum 
systems 

Animal mice were 
exposed for one hour in Chamber | and were 
then placed in metabolism cages for collection of 
excreta The mice were killed in groups of six 
at 1 hour, at 3 hours, and at 1, 4, 7, 14, and 28 
days following exposure. The animal tissues were 
measured for gamma activity 

Another group of 30 mice were simultaneoush 
exposed, 10 in each of the three chambers. These 
mice were utilized for measurement of whole 


body activity Half of each Kroup was exposed 


20 30 40 
Time OF EXPOSURE 


UPTAKE Time 


Inhalation of fall-out 
borne aerosol oncentration 


tor a period of 10 minutes, and the 
tor | hour the nmuce were washed 
and water to remove as much of 
wctivity trom the skin as possible 

was then measured in a 4 Pi gan 
chamber. In addition, one mouse fron 
was killed, the skin removed, and 
gamma activity determined he 
wtivity of the animals im eacl 


termined daily until their activity drog 


other halt 
with soap 
external 
activity 
ionization 
each group 
t residual 
whole-body 


Wiis 


yped below 


the level of sensitivity of the instrument 


Tissue Assay he distributiot 
deter the tollow 
incl ‘ ' tarts 
upper end of ind lung 
thyroid, head, tr: fr 
the esophagu region) 
were carries care to 
tamination 

6 Measurement 
iss were pertor ‘ fetermining 
activity with a sod lide wan 
counter hee ti were 
lain crucibles and positioned undes 
For the determination of 
ctivity the mice were anesthetized 
was placed in a test tube whiel 
mto a 4 Pi gamma ionization 
trument was calibrated 


Co” standards. Previou 


= 


80 
CONCENTRATION OF RADIOACTIVITY IN AER O50 


UPTARE VS CONCENTRATION 


of gamma 
ng organs 
ne at the 
tibia, 
the top of 


con 


the gamma 
scintillation 


wir 


+4 


| 
4 

00 


= 
ystal 
each one 
lowered 
Phas om 
Ra™ and 
4 a 
+ + + + + + + + + + +--+ +444 
+ + + ke + + + + + + 4 + | 
/ 
+ + + + + + + + +—+ + +—+—-4 
Y 
* By 
| 
| 
% 


= 


A 


the gamma activity measurements satisfactorily 
reflect the total fission-product activity 

Film badges were placed around each animal 
exposure tube to record external gamma and beta 


activity to which the mice were exposed 


Results and Comment 


The mean whole-body activity of the mice 
as a function of exposure time and air 
borne aerosol concentration is shown in 
Figure 1, The level of whole-body activity 
resulting from an acute exposure was found 
to be proportional to both the length of 
exposure and the concentration of air-borne 
activity. Although the animals were washed 
with soap and water before being counted, 


a residual activity on the skin of approxi 
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mately 13% to 25% of the whole-body 


activity was noted, 

The distribution of the radioactive fall-out 
simulant in the tissues and organs of mice 
exposed for one hour and serially killed is 
shown in Figure 2. The bulk of the gamma 
activity in the soft tissues was found in 
itialiy in the respiratory tract and lung, the 
(5. |. tract, and the head. The major portion 
of the inhaled radioactive aerosol is appar 
ently moved rapidly back up the respiratory 
system and subsequently swallowed. Thus, 
at one hour after exposure the activity in 
the G. |. tract was more than three times 


the activity in the entire respiratory tract 


At this same time the head showed about 
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Fig. 2.—Uptake and distribution of gamma activity in tissues of mice exposed to a simulant 
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the 
Phis activity is presumably due to 


one-third the activity of respiratory 
tract 
the entrapment of some of the larger par 
ticles in the nasopharyngeal region. The 
the blood the skeletal 


system t at one hour was about the same, 


activity in and in 
approximately 8@ of that in the respiratory 
tract. The highest concentration in any of 
the soft tissues was found in the liver, which 
had about 6 of activity of the respiratory 
tract. A small but significant amount of 
gamma activity was found in the thyroid 
The skeleton contained the highest residual 


in the lung and head was next 


activity at ome month after exposure 
activity 
highest, about twice the background activity 


of 225 ¢/m. Of the remaining tissues only 


the liver had detectable residual activity at 
one month 

The activity per gram of tissue at one 
hour after exposure Was highest for the 


respiratory system and the thyroid (lig. 3) 


3 
$ 
| 


Tit POST (nm) 


big. 3 (samma 
rmce exposed to a 


activity per gram of tissue in 
simulant of fall-out 


t The ratio of total skeletal mixed-fission-product 


content to the content of one tibia was tound to 


he 27 


skeletal 


measurements made 


From this ratio an estimate of the total 


activity was calculated on the basis ot 


with the tibia 


FALL-OUT 


However, the dose to the thyroul Is Scie 
what lower than that received by the 


which 


respira 


tory system concentrates 


jist 


thy roid 


primarily has a lower average 


beta energy than that of the fission product 
Phe i dis 


the gastromtestinal tract 


mixture gamma activity min 


gm.) of and its 


contents was one-sixth that of 


at the 
the 


the respira 
one 


and 


tory 
atter 


hour 
had 


activity per gram 


svstem same time 


eXposure skeleton liver 


the lowest concentration of 


tissue, approximately 1 that of the re 


spiratory system 


proportional to the area 


total dose received by each tissue ts 


under each curve 
in bigure 2 


the | 


| or example, the total dose to 


tract during the experimental 


period was the lowest of 


to the 


tissth owing 


short biological lite ot the tall-out 


\n 


radiation dose to 


sumulant that tissu 


of the 


ipproximation 


internal individual 


tissues at one hour atter eX posure can be 


calculated by applying the following equa 


tion 


rad/hourt 


he re 


dis/min/em concentration of ofr 


activit per gram tissue (beta to gamma ratio 
approximately | at this tome) 

O39 mev approximation of the average bet 
energy of the fission-product muxture at this time 

16x10 conversion tactor, mev to erg 

100 ergs/gm rad 

Thus, for example, the radiation dose to 


the lung at one hour after exposure may be 


calculated as follows 
(¢ 10%) 


rad/hour (0.39) (1.6% 10-*) (60) 4 
100 
In like manner, the dose to the other tts 
sues at one hour were calculated to bn 
(sastromtestinal tract—O041 rad/hour 
Fhyroid § 1] rad/hour 
Head 0.07 rad/hour 
Skeleton 0.023 rad/hour 
Liver rad/hour 
Blood O.0012 rad/hour 
The activity of the various tissues trom 
the animals killed at one hour after exposure 
was measured at intervals over a 30-day 
period, These curves of radiological decay 
S Assuming all the activity concentrated im the 


= 
- 
. 
\ (dis/min/em) (0.39) (1.6 10) (60) 
J 
ag 
+. 
€ 
; 
{ thyroid to be | 
/ 


A 


of gamma activity deposited in the various 


tissues are shown in Figure 4. They were 


4 
one, 
+ 
| 
36690040 


TIME POST EXPOSURE (HR) 

big. 4—Radioactive decay of the fall-out simu 
lant material in animal tissues 
used as standard radiological decay curves 
throughout the experiment. The similarity 
of the isotopic distribution in the lung (re 
moved at one hour) and in the gastrointes 
tinal tract is readily apparent from their 
similar decay curves. The fission products 
in the tibia, on the other hand, have been 
considerably fractionated, since the tibia 
contains a greater proportion of long-lived 
fission products than any other tissue, as 
indicated by its slow rate of radioactive 
decay The curves of the de« ay of activity 
in the other tissues analyzed lie between 
those of the lung and the tibia, The decay 
constants for all tissues except the tibta 
are very similar for the first: four days 
(half-life of 55 to 60 hours), which sug 
gests a preponderance of one isotope during 
this period 

he gamma activity of each tissue taken 
from animals killed at various time intervals 
following exposure was calculated back to 
an arbitrarily selected “standard time,” one 
hour atter end of exposure, The corrections 
for racioactive decay were made by means 
of the above-mentioned standard radioactive 
decay curves of the gamma activity and 


from the dec ay curves ot the activity in the 
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tissues of animals killed at the various in 
tervals after exposure. Comparison with the 
standard decay curves (Vig. 4) indicated 
that the decay curves in both cases were 
very similar. Thus, the use of the standard 
decay curves for corrections of the activi 
ties of tissues obtained at intervals other 
than immediately after exposure was further 
validated 

If the value of gamma activity in each 
tissue at the various killing intervals fol 
lowing exposure is corrected for radioactive 
decay, the resultant curve approximately 
describes the biological decay of the fall-out 
simulant material in that tissue (lig. 5) 

The activity in the blood falls off ex 
tremely rapidly, as would be expected, due 
to the rapid removal of the activity in blood 
by the various tissues. No activity at all 
could be detected in the blood after a few 
days 

biological turnover in the Gy. tract 
is also very rapid, due to the rapid excretion 
of the fall-out material. 

In the liver the gamma activity builds up 
to a maximum in 24 hours and falls off 
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100 206 300 400 300 600 
Tie POST EXPOSURE (WR) 
Fig. 5.—-Biological decay of the fall-out simulant 
material in animal tissues 
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After this 


from the 


first 14 davs 


activity is 


rapidly for the 
period the removed 


liver by biological turnover at a very slow 
rate 


Phe 


reflected by the 


skeletal 
in the tibia, builds 
45% of the 
in 24 hours. The 


may be 


activity in the 


system, as 
activity 
up to a maximum value of 
respiratory tract activity 


biological turnover described by 


two rate constants. The initial rapid rate 
may correspond to the release of the loosely 
attached fission products in the skeleton, 
while the slow decay probably describes the 
very slow turnover of the bone-incorporated 
hssion products. The turnover of material 
in the skeletal system and in the liver aftet 
14 days has the lowest rate constant of any 
of the tissues studied 

The curve of biological decay of the in 
haled material in the lung can also be sepa 
rated into two components. An initial rapid 
loss of material (half-life of less than one 
hour ) corresponds to the rapid removal of 
activity, which is carried up the respiratory 
The second com 


ponent, with a half-life of 14 days, may be 


tract and then swallowed 


associated with the slower release of smaller 
particles “fixed” in the alveolar tissue 

Phe thyroid concentrates the iodine iso 
topes and builds up to a maximum activity 
in 24 hours, after which the activity falls 
off rapidly 

The integrated activity of both urine and 
the first 24 hours 


after exposure and at intervals during the 


feces was measured for 


50 days following. The gamma activity of 
the 24-hour excreta decayed at a rate very 
similar to that of the activity of the G. | 
tract (big. 4) \pproximately 506¢ of the 


‘ 
activity 


in the body at | hour was 


\fter 


Was 


excreted by 24 hours this time the 


activity in. the 


excreta low 


activity in the feces at the early intervals 
was 10 times the amount found in the urine 
Phe activity appearing in the feces was 
largely that of inhaled material which was 
swallowed and passed unabsorbed through 


the (3 tract 


The total gamma activity to which the 


RADIOACTIVE FALL-OUT 


badges ) 


were exposed (as determined by filn 
100) and 


hour and did not appear to be related to the 


was between 1300 mr per 


position of the animals in the inhalation 


chamber This external dose 


received by the 
dose that 


fall-out 


imunals is only a fraction of the 


the animals would receive in a 


environment, The dose which the animals 
received in this apparatus was derived from 
the activity in the air stream traversing the 
center of the inhalation chamber. The ex 


that the animals would 
held can be 
the following manner 


ternal dose receive 


in a infinite approximated 


tivity, ge/em 
energ, and beta in mey 


780% 1.0 


oo 


24 
relatively small uptake of fission 
short radioactive and 
half-life in’ the 


follow Ing an 


products their 


biological tissues of 


acute exposure to fall-out 


simulant results a low internal dose 


Thus, the maximum internal dose to a single 
tissue (respiratory system) in this experi 
ment was 2.2 rad/hour, which is very small 
compared with the coneomitant superlethal 


external dose of 1700 rad/hourt 


Summary and Conclusions 


uptake 


fission 


distribution, and retention of 


products in mice subjected to an 
acute inhalation exposure from fall-out sim 
ulant were investigated. The 
studied 
torm of three-day-old ti 
bombarded 


mixture 


simulant, first 


ot a series to be 


contained the tonic 
ion products from 
uranium The fission-produet 
Was developed oan attempt 
represent the fall-out produced by a nuclear 
detonation in sea water, This simulant wa 
isprrated as a liquid aerosol into three ani 
mal chambers, at three diffe rent concentra 
tions simultaneously, for a period up to one 
hour 


\t one 


activity 


hour after 


eXposure the bulk ol 


was found in the G. I. traet. luny, 
and head, with smaller amounts in the skele 
tal system, liver, and blood. A smaller. but 


i still significant, amount was present in the 


in 
rad/day 
where 
/ 


A 


thyroid. The concentration in the G, I. tract 
was three times that found in the respiratory 
tract and lung at this time. At one month 
following exposure the residual activity in 
the skeleton was the highest of any tissue, 
followed by the lung and head. Barely de 
tectable amounts of activity were present in 
the liver. At two months following expo 
sure detectable activity was still present in 
the skeleton of 


animals. 


and lungs the exposed 

The activity per gram of tissue at one 
hour following exposure was highest in the 
respiratory system and thyroid, The skele 
ton and liver contained the lowest concen 
Although 
the 
largest amount of activity at one hour fol 


tration of activity at this time. 
the gastrointestinal tract contained 
lowing the acute exposure, the total dose it 
received was the lowest of any of the tissues, 
due to the rapid biological loss of simulant 
material by excretion 

The internally deposited activity is con 
tributed of 
radiological and biological half-life 


chiefly short 


by isotopes 


longer-lived fission products are primarily 


“bone-seekers” and are deposited the 


skeletal system. The radioactive decay of 


most of the activity in the soft tissues was 
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very similar for the first four days follow 
ing exposure. The biological turnover va 
ried considerably among the tissues studied. 
The fission-product material was lost most 
rapidly from the blood and G. |. tract and 
only very slowly from the skeletal system 
The rate of elimination of the material in 
the lungs lies between that of the other soft 
tissues and that of bone. 

The of 


taken up by the animals as a result of an 


amount internal contamination 


acute exposure of one hour was proportional 
to the length of exposure and to the concen 
tration of air-borne radioactivity. The rela 
short 


of 


tively 
half-life 


minimizes 


biological and radioactive 
the 
the hazard 


relative to the external hazard following an 


inhaled fission products 


internal radiation 


acute inhalation exposure to fall-out 
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An Emits of the K lative Carcinogenicity 
Types of Cutting 


J. P. W. GILMAN, 0.V.M. 
and 


S. D. VESSELINOVITCH, D.V.M., Guelph, Ont., 


Canada 


Attention has been directed to the tumor 
inducing activities of both high- and low 
boiling-point, catalytically cracked fractions 
of petrole um ortls by Smith and associates,! 
and by Shubik and Saffiotti,? respectively 
Woodhouse * has repeatedly shown straight 
run distillates from several different mineral 
oil crudes to be carcinogenic. However, the 
level of re sponse obtained on mice by the 
last-named investigator has been consistently 
low (up to 154 developing tumors), and 
the rabbit has proved to be a far more 
susceptible species to a majority of the frac 
tions tested.* 

The basic ingredient of most cutting oils 
is some mineral oil distillate that has not been 
subjected to either thermal or catalytic crack 
ing. Small amounts of such additives as lard 
oil, sulfur, and chlorine may be incorporated 
into these oils to enhance their lubricating 


and antiweld properties. Cutting oils are 


used industrially either in the form of a 


“Straight-oil” blend or in the form of an 


oil-in-water emulsion, a so-called “soluble 


oil.” 


along with varying amounts of water, are 


lmulsifying and bactericidal agents 


added to the latter type 
Recently 


both 
have suggested 


published from 
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that several of the cutting oils used indus 


trially may constitute occupational cancer 


hazards. Gilman and Vesselinovitch® have 
demonstrated that a commercially used sol 
uble cutting oil (Type A) was carcinogenic 
to mouse 


300 days) 


skin (62+ tumor-bearing mice at 


lractions of the oily components 


of this emulsion, particularly those boiling 
below 800 rapidly cheited a high response 


in mice, 806 developing tumors within 
] dlavs 


Che 
results from a pilot experiment involving a 
straight cutting oil (Type S), which indi 
that this 


investigators also reported 


cated type likewise have 


he 


communication confirms this premise 


might 


tumor producing properties.” present 


\ comparison of the relative tumor pro 
ducing potencies of these two classes of cut 
ting oils has also been attempted in view of 
the vast number of metal cutting operations 
in the engineering industry that involve some 
exXposure of the machine operator to this 
hazard. Taking into consideration the good 
repeatability shown in successive tests with 


each of these types ot oil, it that 


was felt 
such a comparison was justifiable and might 
ol 


interest in industrial hygiene 


Materials and Methods 


roups were mac 
female im 
experiment ; 
re housed im gla il ted a commer 
ion Of rabbit pellets anv ox cube 
was appled to 
! weekl 
trimmed 
per appheation hie «le ce tor 
d 


lin previou olubl 


experiment to 


was 100 my. three times weekly 


emulsion contamed 4747 water thu 


$41 


og 
; 
on 
, 
Lest 3 
( male 
CH 
the 
Canada ol en 
| 
esseling mice 


4 


A 


the actual volume of oil applied per painting was 


approximately the same in both cases 


Calculations.__The measurements of 
tumor response elicited by the cutting-oil 
samples have been undertaken by means of 
two different methods. 


Method | 


actual number of animals developing tumors 


This method is based on the 


(TT), an average of their latent periods 
(MTT), and an estimated average survival 
time of those mice that failed to develop 


tumors (MST), as follows 


(1) Mean Tumor Time (MTT) 
where 


=f—sum of the times in days to the appearance 


of the first tumor on each tumor-bearing 


and where 
17=—Total Tumor Mice (all animals that develop 


either squamous-cell papilloma or carcinoma) 


(2) Mean Nontumor Survival Time (MST) 


Vat 


where 


=/,sum of survival times in days of all non 


tumor mice, those still living at the termina 
hon of the experiment being credited with 
survival times equal to the duration of the 


experiment im days 
and where 


of animals that failed to develop 


a tumor 

Method Il: This method makes use of an 
adaptation of the probit analysis type of plot 
commonly used in the assay of drugs."! The 
Tumor Potency (TP) values obtained by 
this method have been utilized by Eby and 
associates '* to compare the mouse tumor 
response data from different catalytically 
cracked petroleum fractions with each othe: 
and with the ultraviolet absorption spectra 
of the test substances. This index of Tumor 


Potency (TP) is derived from the formula 


TP 10000 


te 
Phus, the TP value is an inverse function of 
the predicted time to 500 of the test animals 
developing tumors tse—which is deter 


mined by means of a probability plot of per 
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cent tumors vs. log times in days from the 
start of the experiment. 
rT 

V—Dae 


Per Cent Tumors ~ 100 
where 

V=total number of mice in experiment 
and where 


D4.=number of animals that died without having 


developed a tumor 


Results 


Table 1 records the tumor response of 
the two strains of mice exposed to Sample 
S; also included is the response obtained nm 
an earlier initial trial using a different sample 
of the same oil Group 51-—-C3H 


PABLE 1.—~Tumor Response of Mice to a Straight 
Cutting Oil 
Three Exposures Weekly for 260 Da 


rumor Mice, Tumors 
(iroup per Nontumor 
And , per Tumor Survivors 
Strain No Cent Mouse No 


It is apparent that the Type S oil exerts 
a consistent, though seemingly rather weak, 
tumorigenic action on mouse epidermis. It 
is Of interest to note the uniformity of re 
sults obtained in all three trials, both in per 
cent affected mice and in average number of 
tumors per tumor-bearing mouse. The 
slightly lower response rate exhibited by 
Cs7 black mice is consistent with our pre 
vious observations when Type A cutting 
oil was tested against the same two strains.” 


Similarly Smith and associates have re ported 


this strain to be somewhat more re fractory 


to challenge with mineral oil carcinogens 
than the albino stock used routinely by 
them,! 

ven though the tumor incidence r sulting 
from repeated exposure to [ype S cutting 
oil was consistently low, only 137 of all the 
animals exposed were still living after 37 
weeks of treatment. A comparison of the 
relative tumorigenic potencies of the two 


classes of cutting oils under consideration 


€ 
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‘ 
|| C,H 40 ‘ 20 1.33 
-C 40 13.3 1.2 
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CARCINOGENICITY OF TWO TYPES OF (¢ 


has been attempted because of the high level 
of repeatability shown by both types in suc 
cessive trials under the existing conditions 
As neither of the two caret 
had 


difference in response between C,H and Cs, 


of experiment 


nogenic — oils elicited a significant 


mice and, more particularly, as the several 


trials being compared had utilized equal 


numbers of each strain, the data from both 


have been combined for the following an 


alysis 


l 


TTING OW 

Comment 
The numbers of tumor mice observed in 
tests carried out under similar experimental 
conditions with a straight cutting oil were 


consistently lower than those previously 


reported for a cutting oil of the water-sol 


uble type 

It seemed probable that differences in tox 
icity were responsible for the death without 
tumor development of approximately 70 


ot the mice treated with Pype aS opposed 


Taste 2—Comparison of Tumor Response Elicited from Mice by Two 


Type of 


* Differences are significant at the 1% level when tested fo 


The Method | 
(Table 2.4) indicated that Type A cutting 


Comparison based on 
oil was a considerably more active tumor 
producing agent in mice than was Type S 
The difference between the two samples in 
total of 
(77) is significant at the 16 level 
x= 6.746, df—1 P<001 

However, the longer Mean Nontumor Sur 
(MST) 
of 


number mice developing tumors 


vival Time and the significantly 


higher number nontumor survivors im 
the group treated with the soluble oil, Type 
\, indieated that this cutting fluid was con 
Although 
there is no statistically significant difference 
Mean Tumor dif 


observed sugye sted that the 


sicle rably the less toxt of the two 


between their limes, the 


ference more 
toxic but apparently less tumorigenic Type 
S induce the more rapid respons 


Phe 


Method I] tends to nullify variability owing 


predicted 50 tumor time (fs9) of 


to differences in the toxicity of the samples 
as mice that fail to develop a tumor do not 


enter into the computation. In consequence 


the index of tumor producing potential 


obtained with this method accords to each of 
the classes of cutting ot] an almost identical 


potency 2B) 


( ulting 


Oi 


rumor 
Indes 


Nontumor 
Survivors, 


thle 


20% 
\ onl 


COMparative ly 


to only trom an equiy tlent ¢ Xposure 


This being so, it follows that 


aot 


to 


low numbers tumor 


the 


bearing animals resulting from the forme 


treatment were to some extent a 


direct result of its toxpeity lurthermore 


rep ited ind prolonged ‘ Xposure fo a tonne 
bn 


resporise 


substance might expected to indireetly 


lower by (a) reducing the 


iverage number of exposures per mouse 


through the increased nontumor mortality 


ind (/) causing loss of body weight and 


lowe red metabolt rate the that 


did not actually succumb to toxemia. It wa 


in iw of these considerations that the 


econd method of analysis wa applied to the 


comparison of these data and showed that 


i) sharp contrast to Method |, there was no 
ignihcant difference between the two classes 
of cutting oil 

the condi 


IP index 


re liable 


It seems probable that, undes 


tions of testing discussed here, the 
( Method IT) pro idles 
ture of the comparative tumorigenic potencies 


Henee 


difference « 


the more pou 


of the two types of utting onl 


be concluded that no real Xists 


between them in this respeet 


= 
j 
Tumor Av. Latent Av. Nontumer 
Mice, Mice Period survive O% Turmer 
No Day Dn N 
: 
= 
443 
144 


A 


leven though the 7P index may prove use 
ful in making comparisons between some 
what similar substances of appreciably dif 
ferent toxicities, the method probably should 
not be used as a sole index of carcinogen 
icity. This method fails to take into account 
the actual number of tumors produced 
(tumors per tumor-bearing mouse) and is 
based on the assumption that every carcino 
genic agent, regardless of type or concentra 
tion, will eventually induce a response in 
every animal exposed to it. Thus, the rapidity 
with which response is manifest is assumed 
to be the only important source of variability 
between different carcinogens. Such an as 
sumption is not entirely compatible with the 
findings that have given rise to the currently 
accepted theory of chemical carcinogenesis,t 
according to which visible tumors result 
through a two-stage mechanism involving 
both an initiating and a promoting activity 
on the part of the carcinogenic substance. 
Viewed in this light, the 7P index consti 
tutes more an estimate of the probable pro 
moting activity of a carcinogen than a 
measure of its capacity to initiate tumor 
development, 


Summary 


Mice of two different strains consistently 
develop tumors when exposed to a straight 
cutting oil in use in the engineering industry. 

The tumor-response rate is low, ranging 
from 13.3% to 200% of the mice developing 
tumors, in three separate trials. 

The toxicity resulting from topical appli 
cations of this oil is much higher than that 
observed previously in similar mouse expos 
ures using a water-soluble cutting oil. 

Two methods of analysis are used in the 
comparison of the relative carcinogenicity 
of this straight cutting oil with that of the 
water-soluble cutting fluid. Results of these 
comparisons vary from a significantly higher 
rate of tumor production by one method to 
equal potencies by the other, 

It was concluded, in view of the toxicity of 
the straight oil, that the equal potency result, 


t References 13 and 14 
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based on the predicted time to 5067 of the 
mice developing tumors, is more nearly 
indicative of the actual difference in’ car 
cinogenicity existing between these oils 
The advantages and limitations of the 
methods of analysis used are briefly 


discussed, 
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ANGELA POLLIS, 6.5. 
and 


WILLIAM J. NOVICK JR., B.S., Pittsburgh 


In the course of our. studies on— the 
toxicity of boranes, we have frequently con 
sidered the possibility that urinary boron 
levels might serve as an index of exposure 
to these compounds. However, no data were 
available regarding the urinary excretion of 
horanes. In 1945 Pfeiffer and associates ! 
had observed that, following single doses 
of boric acid administered to dogs, about 
600 of the material appeared in the urine 
in 48 hours, With small repeated doses the 
plateau of urmary excretion of boron was 
not reached until the animals had been dosed 
for 14 to 18 days. At this time the mean 
recovery amounted to 85% of the admin 
istered dose, The present study was under 
taken to observe whether the boranes be 


haved in a similar fashion 


Experimental Procedure 


Both dimethylamine-borane [(CHy), NELBHs] 
and decaborane (Bywlla) were selected because of 
ther different orders of toxicity to small laboratory 
anunals.” Two female mongrel dogs were employed 
Ihe first received an intravenous dose of dime 
thylamine-borane (3.54 mg/kg.) in isotomic saline 
Because of its insolubility in water the decaborane 
was given to the second dog (1.00 mg/kg.) as a 
suspension in 0.25% agar-isotonic saline. In addi 
tion, both dogs received | ce/kg. of a 0.525% solu 
tion of kevans Blue and 0.5 ce/kg. of a NaSCN 
solution, The Evans Blue was given to measure 
the plasma volume, the determination being made 
20 minutes after the injection of the dve. The 
calculations were performed according to standard 


procedures.” The thiocyanate space, measured after 


Received for publication May 28, 1956 

Department of Occupational Health, Graduate 
School of Public Health, University of Pittsburgh 

Presented at the 17th Annual Meeting, American 
Industrial Hygiene Association, Philadelphia, April 
27, 1956 


J46 


two hours,’ was taken as an index of the extra 
cellular body water. While the latter method yields 
values which are probably too large for an absolute 
measure of the extracellular fluid,’ it was employed 
hecause it is a convenient chemical procedure 

xcept for a few minutes of excitement follow 
ing the dose of decaborane, neither animal showed 
any particular behavior symptoms which could be 
attributed to the treatment, The dog receiving 
decaborane was, however, found to be generally 
more excitable when handled, even during the con 
trol period 

Analytical methods do not exist for the quanti 
tative determination of these two boranes in Ino 
logical fluids, Consequently both blood and urine 
samples were analyzed for their total boron con 
tent. These fluids were digested by an alkaline 
wet ashing method,* the horon content heing 
subsequently determined by the colorimetric method 
of Hateher and Wilcox. 

In each case blood levels of boron were followed 
for several hours after injection of the borane 
Blood and urmary levels of boron were than 
determined for several days. No attempt was 
made to collect periodic urine samples by catheter 
zation during the first few hours because of the 
difficulties inherent im the methods for performing 
the boron analyses. It was decided that more 
information could be gained from analyses of sey 
eral daily samples than would be yielded by an 
equal number of analyses performed over a shorter 


time imterval 


Results and Comment 


The results are presented in Tables 1 and 
2. In viewing the data, it is felt that two 
factors must be considered, First, since 
the amounts of boron administered are 
small, a relatively small error in analysis 
will exert an appreciable effect on the sub 
sequent calculations. Second, in Table 2 it 
will be seen that, while the total blood boron 
value for three determinations had averaged 
1.85 y/ml. during a control period, Sample 
Tl, a control value taken just prior to treat 
ment, showed 3.23 yB/ml. It is not known 


whether such variations reflect normal blood 


* Hill, W. H.: To be published 


= 
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DISTRIBUTION AND EXCRETION OF BOR 
Paste 1—Blood Levels and Urinary Exeretion 
of Boron: Dog 1 

Blood B, Total Urine B,* 
Date v¥/Ce Me. Day 

1.00 

7/12 1.97 

7/13 

7/14 
0.340 
7/16 0.578 
7/2 1.21 
7/23 
7/7 O70 


mg. kg. dimethylamine-borane administered \ 
7/27 Ts 2.41 

T 3.04 

T ses) 245 
7/2 144 HM) 
7/3 2.54} 1. 
7/80 4.18 0.729 
7/31 


* Twenty-four-hour 
indicuted 

Subscripts under 7 refer to minutes, 
it which blood samples were taken 

t Questionable value may be too high 

§ Average of sample 


sample, collected on morning of dats 


following injection 


changes or whether they result from analy 


tical imperfections Similarly, the secondary 
rise in the blood boron of Dog 1 ( Table 1) 
on the second and third days after treat 


ment remains unexplained. However, even 


Paste 2—Blood Levels and Uninary Excretion 
of Boron: Dog Il 
Blood B, Total Urine Bh, 
Date Mg. Day 

7/9 2.00 
7/12 
7s 2.15 
OATS 
0.000 
7/16 1.22 
7/0 OSS 
7/21 1.2 
7/2. 14) 
7/4 1.15 
a 10 
T's)? 4.24 14s 

140 me kg. deeaborane administered I. \ 
sil 7 5.27 

4.03 

444 

Tas 255 
2.13 “4 
2.22 
14 
1S 
1.47 
O.241 


* Twenty-four-hour 
indicated 

Subseripts under 
at which blood 

t Average of 


sainple, collected on morning of date 
T refer to minutes, following 
samples were taken 

imhour sample 


ANES 


with these limitations in mind, it is felt that 


meaningful conclusions can be drawn 

The 
the distribution of the respective compounds 
We 
quantity AB at a 


first consideration is the extent of 


in the body can calculate the 


given time which would 


represent the imerease in the boron econ 
centration at that time over the average con 
of dimethylaniune 
horane (Table 1), AB for Tuy equals 1.47 
By, = 281 —1.34) 


knowing the amount of boron 


trol value In the case 


( Bree Phen 


which was 
administered and assuming that this added 
boron distributed itself uniformly through 
the Hui 
which this boron penetrated can be eal 


out the body volume of 


culated value also expressed is a 


percentage of the body weight (assuming 
d=1 gm/ml.), is given for both of the 
boranes 4) 
Degrees Penetration Horane 
inte Kody TI luid 
Apparent Henly 
Flapsed ‘Time an Vol. of Wr 
Min Ml Distribution per 
Cent 
Dimethylamine-borane* 
120 1.70 4.08 ‘7 
Decaboranet 
2.21 2s 
44 44 “ale 
iw 2 


* 27.5 me.; B content, 6.58 mg., dog weight, 10.5 ke 
17.70 mg.; B content, 6.52 me.. dog weight, 7.7 ke 
bor Dog | (dimethylamine-borane ) the 


administered boron distributed itself through 
approximately 406 of the body during the 


first two hours This is im exeess of the 


blood volume (9.0% T) but in approximate 
extracellular fluid vol 


the 


agreement 


with the 
ume (300%) 


borane rapidly leaves the blood stream and 


dimethylamine 


appears to penetrate the extracellular 


volume Since the compound is tairly solu 


ble in water and the molecule is mot very 


bigures it purenitive ite exper enta 


determined with re 


extracellular 


values. ompare 
tor dows: blood volume, 682% 


volume (thiocyanate pace) 


\ 
on 
\ 
| 
| 4 
26.7% -42.5% 
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large, such a conclusion appears probable. 
The drop in blood boron at six hours is 
believed to excretion of the 
compound (see below). In the case of Dog 


result from 
If decaborane disappears from the circulat 
ing blood more rapidly than dimethylamine 
borane Decaborane either — penetrates 
beyond the extracellular water (38% $) or 
else is removed from the circulating blood 
by some mechanism. The insolubility of 
decaborane in water, together with the fail 
ure to detect any evidence of its excretion 
in the urine (see below), makes it difficult 
to envision its penetration throughout the 
total body water, 


Paste 4 
lretreatment 


Av. Urine B, 


Days After 
Mg./ Day 


Treatment 


bog I 


Dimethylamine-horane 
me. 
0,700 


zs 


Dog 
Decahorane 


(6.42 mg. B 
0.900 


* Average of sample 
As judged by the total boron content of 
the the the 


dimethylamine-borane was rapidly excreted, 


urine, major portion of 
while no appreciable excretion of the de 
caborane occurred (Table 4). The striking 
rise im urinary boron of Dog I, following 
treatment with dimethylamine-borane, sug 
gests that urinary boron levels could be used 


to indicate exposure to this compound. 
However, in the case of decaborane no such 
evidence exists. While this latter animal 


t Figure in parentheses indicates experimentally 


determined value. Compare with reported values 
blood volume, 6.8%-10.6%'; extracellular 


(thiocyanate space), 26.7%-42.3%5 


for dogs 


fluid volume 
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(Total- Ay 


(Dog Il) showed considerable variation in 
its urinary boron levels during the control 
period, no appreciable excess of boron ap 
peared in the urine for the six days that 
analyses were performed. 

The absence of excess urinary excretion 
of boron in Dog II, coupled with the rapid 
disappearance of decaborane from the cir 
culation, suggests that the decaborane is re 
moved the the 
Subsequent removal from this stor 
age depot must be slow.§ 


from blood and. stored in 


body 


The different excretory patterns resulting 
the 
reflect 


from administration of these two 


boranes different mechanisms by 


Urinary Excretion of Boron Following Intravenous Injection of Boranes 


Vost-Treatment 
| 
Cumulative Recovery 
} Excess B, of Administered 
Control Me B, per Cent 


Excess Urine B, 
Mg./Day 


5. 
O47 6.27 91 
6.40 v2 
6.70 


035 O55 


which the body eliminates these materials. 


This observation supports the view that 


§ At a later date bile was analyzed for its boron 
Bile dogs 
showed totals of ly and Sy of boron, while bile 
samples from several rabbits showed amounts of 
horon ranging from 0.2y to O.By 


content from two untreated control 


Bile taken from 
a dog and a rabbit, following doses of decaborane 
other revealed 


connection with 


experiments, 
655y and 97y of boron, respectively. Because of the 
nature of these latter experiments, no correlations 
hetween the administered doses and the amounts of 
These 


decaborane 


boron in the bile were possible 
that 


way into the bile and hence may be expected to 


data do, 


however, indicate does find its 


appear in the feces. To date no fecal analyses have 


heen undertaken 


© 
| | | 
( 
—.14)* 
6 ( —0,13)* | | 
| (—0.01 
| 
2 } 5 
2 (-0.47 
4 0 
4 | ( —0.57)* 
5 | ( ~0.57)* 
6 ( O75 
J 
: 


IISTRIBUTION AND EXCRETION O} 
these boranes may exert their toxic effects 


through different metabolic pathways.* 
These findings raise a question as to the 
usefulness of urinary boron levels as an 


index of exposure to all boranes. 


Summary 


Small intravenous doses of dimethyla 
mine-borane and decaborane were admin 
istered to dogs. Blood boron levels, plasma 
volumes, and extracellular body water were 
determined, and the apparent volume of dis 
tribution of the boranes was calculated. The 
urinary excretion of boron was also meas 
ured. Following administration of dimethyl! 
amine-borane, the distribution of this 
approximated the extracellular 
Huid volume of the dog. The urinary ex 


compound 


cretion of boron was markedly increased 
Over 80% of the injected dose was re 
covered within 24 hours. W hile de caborane 
disappeared from the circulating blood more 
rapidly than dimethylamine-borane, no ap 


BORANES 


preciable increase in the urinary excretion 


of boron was detected 
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and 


H. E. HARDING, O.M., Salisbury, England 


Since 


1923, when Middleton (Macklin 
and Middleton, 1923) published the report 
of his clinical 


survey of the pulmonary 


lesions of metal and 


grinders castings 


cleaners, there have been some 24 recorded 
investigations of groups of foundry workers. 
Most of the investigators have concentrated 
on radiographic findings, but a few have 
carried out clinical well 
The only survey which included pathological 


as well 


examinations as 


as clinical, radiographic, and en 
vironmental studies was that published in 
england in 1950 (Mclaughlin and others), 
with which we were associated. It is a 
little surprising that so many investigators 
of foundry workers drew their conclusions 
mainly from x-ray findings. In other dusty 
trades, such as mining, ¢. g., coal, gold, and 
tin mining, the pottery industry, the manu 
facture of scouring powders, and the as 
bestos industry, there is a wealth of patho 
from which sound 


logu al material 


con 
clusions about the occupational causes of 
death in such workers can be 


ilIness and 


made, In the last 25 years or so there has 
been a tendency to rely too much on x-ray 
findings in the diagnosis of chest disease 
and to discount the value of clinical exam 
inations. The interpretation of shadows in 
an x-ray chest film is difficult, because so 


many diverse conditions can produce com 
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time of collection of specimens 
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parable x-ray pictures, and an accurate diag 
nosis can be made only when evidence from 
other methods of examination, such as clin 
ical (including physiological) and environ 
Patho 
logical studies constitute the final court of 


mental, is also taken into account 


appeal, but even with such evidence there 


may be 


uncertainty about the causes of 


death in rare cases. The statistical method 


of examination is based on data derived 


from these other methods, and its value is 
commensurate with the 


data 


accuracy of such 


In 1950 late 


Roodhouse Gloyne) we described the results 


(with our colleague, S. 
of an investigation into the gross, histolog 
ical, and chemical pathology of the lungs of 
64 foundry workers. Possibly because our 
findings were not published in a journal but 


constituted a chapter of a book dealing 
with a general investigation into the health 
of iron and steel workers, they appear to 
have escaped notice In two subsequent 


articles on the pathology of foundry 


workers’ lungs, one by Hamlin (1953) and 
the other by Ruttner (1954), no reference 
was made to our work. Ruttner gave a 
general deseription of the pathology based 


on 21 autopsies He did not divide his 
cases into the various types of occupation 
met with in foundries, but it is interesting 
to note that in many respects his findings 
and conclusions closely resembled those set 
forth in our article. He also drew attention, 


as we did, to the similarity between the 


pathology of 


foundry workers’ coal 


workers’ Hamlin deseribed one case 


called 


foundry molder and attributed the condition 


lungs 


of what he “anthracosilicosis” im a 


largely to the inhalation of coal dust used 


in foundry molding sand. He said that 


‘ 
| 
A 


PNEUMOCONIOSIS IN [IRON AND 


pneumoconiosis in coal workers and foundry 
molders “may be identical.” 

Other papers on the pathology of foundry 
workers’ lungs include those of Uehlinger 
(1946) and Ruttner (1950), both based on 
experience in Switzerland, and also that in 
England by Keatinge and Harding (1954), 
who described the pathological findings in a 
man who had been killed in an accident. In 
this paper an account was also given by one 
of us (H.E.H.) of the effects of foundry 
dust on the lungs of animals. Animal ex 
perimental work with foundry dust has also 
been carried out by Vorwald and associates 
(1950), whose results were published in 
conjunction with a clinical, x-ray, and en 
vironmental study by Hamlin and Weber 
(1950) of foundry cleaning-room workers 


These authors claimed that the x-ray ab 
normalities found in the chest of such 
workers represented siderosis and not 


silicosis. Further reference to this pont ts 
made below. 

Uehlinger (1955) described the pathology 
of two cases of mixed dust pneumoconiosis 
in foundry workers complic ated by atelecta 
first there atelectasis 
of the middle lobe of the right lung as a 


sis; in the case Was 


result of occlusion of the bronchus by non 
specific granulation tissue; in the second 
atelectasis of the right 


upper lobe Was 


caused by obstruction of the bronchus by 


adenocarcinoma at the hilus 


Material 


The present continuation of 


that published in 1950, and in it we present 


paper Is a 


observations on &5 
of us (H. EF. H.) endeavored to collect all 
cases of foundry 


additional cases. One 
workers who died in the 
1949 and 1954 and 


could be obtained 


Sheffield area between 


on whom an autopsy 


While many of these were examined for the 


coroner because of a belief that 


pneu 


moconiosis might be present, an attempt 


was made to collect every case, including 


those where it seemed that pneumoconiosi 


would not be found 


how 


It Is probable, 
ever, that autopsies were obtained in nearly 


all cases where 


Was su 


STEEL FOl 


VDRY WORKERS 


pected and only ima proportion of those 


where it was not. Our findings cannot, 


therefore, be used as evidence of the inet 
dence of pneumoconiosis in foundry work 
ers, since they will be biased in the direction 
of finding it. In addition, some cases have 
included = from 
The 


comparable, since that published in 


been other parts of the 


country two series are not. strictly 
1950 
was concerned only with cases referred to 
the Pneumoconiosis Medical Panels (previ 
ously called the 


Medi al 


tion, while the present series includes many 


Silicosis and Asbestosis 


Board) with a view to compensa- 


who would not have been so referred. This 
fact is probably re sponsible to some extent 
for differing occurrence of pneumoconiosis 
and other conditions in the two series 

\s well as the pathological material, the 
occupational history of each case has been 
obtained, together with the results of clinical 
and x-ray examinations. It has not been 
possible to correlate in each case the x-ray 
ippearances and the pathology of the lungs, 
available for 


sually the 


though x-ray films were study 


in many cases. | interval between 
the last examination and death was too long 


Nor 


environ 


drawn 
undertake 
anv of the 4) 


for useful conclusions to be 
has tt been possible to 
studies at 


(21 teel, 20 


mental foundries 


iron) from which the cases 


came Though the pathological work was 
done at Sheffield, the foundries, particularly 
the iron foundri were situated in. widely 
eparated parts of the country, ranging from 


Midlands 


he AVY 


north to south through the where 


there is a industry 


concentration of 
The steel foundries were 
York 


ttuate 


confined mainly to 


hire and Laneashire, but 


two were 


in the south of lengland 


Occupations 

work 
Table 1, to 
series B. It 
led into 14 
which cover most 
Phere 1 


he occupation of the &5 foundry 
ers (Sern \) are given in 


with those ofl the 1950 


gether 
vill be 
Oe upational categories 


ot the 


een that they are ch 


processes seen in foundries 


even one pattern maker whose expo 


ure was to wood dust, but it is intere sting 
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A, 


Taste of Foundry Workers 


(1956 and 1950 Series) 


1940 
Occupation Rerie Series Total 
( (B) 

dressers 116 2 21 
Steel grinders 
*teel molders 
Bteel molders’ laborer j 
grinders 
molders 12 9 21 
Shot and sand blaster 21 2 
Welders and oxyacetylene cutters 6 
Furnace bricklayers 2 1 4 
Furnace ladlers 4 5 
Yurnace laborers 3 
Core makers 2 1 
Crane drivers % 4 
Foundry laborers (eteel, 4; tron, 1) 5 1 6 
Pattern maker 
Stone racer ! 

Totals 5 (4 


that there is not a steel molder among the 
group. The two largest groups in the 1956 
(A) 


and steel grinders 


SeTICs 


(16) 


are made up of steel dressers 
(13). These 29 
cases were all cleaning-room operatives and 
were exposed to the same type of dust 
They came from 13 steel foundries in the 
Sheffield area, and seven of them came from 
The fettlers 
castings with 


one foundry, (or dressers ) 


clean the pneumatic tools, 
whereas the grinders use various types of 
grinding wheels for the same purpose 
Quite often a cleaning-room worker will use 
both the 


wheels 


pneumatic hammer and grinding 


Grinding wheels are usually under 
exhaust ventilation, while the dust from 
A man 


doing grinding all the time is probably ex 


pneumatic hammers is not controlled 


posed to less dust than a fettler would be 
In the 1950 series (B) there were 21 such 
workers, and they were all classified as steel 
dressers 

Seven iron fettlers and five iron grinders 
were examined in Series A, and again these 
twelve workers can be regarded as a homo 
geneous group, because they were all em 
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ployed in the tron casting cleaning room. 
In 1950 there were eight in the same group. 
lron castings in Great Britain are cleaned 
by a variety of methods but not usually with 
the pneumatic tool 
attached to the 


No significance can be 
that 


cleaners of iron castings than of steel cast 


fact there are fewer 
ings, because in the Sheffield area there are 
many more steel than iron foundries. 

As previously mentioned, there were no 
steel molders in the 1956 
1950. there 


Twelve iron molders appeared in Series A 


group, but in 


was one steel molders’ laborer. 


and nine in Series B. Reference to the other 
categories of workers will be made in the 
death, but it 
will be seen that the 1956 group contains 


discussion on the causes of 


cases from more varied occupations, such 


as welders and oxyacetylene cutters, a pat 
tern maker, and a stone racer 
Causes of Death 

The 


lungs at autopsy were pneumoconiosis ( sili 


commonest lesions found the 


cosis and/or mixed dust fibrosis) usually 
associated with focal or bullous emphysema 


and 


cor pulmonale, tuberculosis (fibroid, 


acute) miliary, tuberculous  bronchopneu 


monia) and silicotuberculosis, carcinoma of 
the bronchus, bronchitis, lobar pneumonia 
and and 


bronchopneumonia, coronary 


thrombosis. In many cases two or more 
of these conditions were found together, as, 
for example, pneumoconiosis and tubercu 
losis. Again, in those cases with pneumo 
death 


purulent bronchitis, 


comosis the immediate 


cause of 
might be different, e. g., 
pneumonia, hemoptysis, carcinoma of the 
bronchus, coronary thrombosis, or accident. 


The main pathological lesions found in 
the various groups of the 1956 (A) and the 
1950 (13) series are shown in Table 2. As 
regards pneumoconiosis 76 cases out of &5 
(89%) in Series had 


mixed fibrosis in 


silicosis and or 


dust varying degree, 
whereas in Series B 64 out of 64 (100%) 
Series A 


driver, two welders or cutters, four foundry 


had the condition. In one crane 


laborers, one steel grinder, and one steel 
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A 


dresser were found not to have pneumo-~ 
coniosis 

Tuberculosis was found in 29 cases 
(34%) of Series A and in 36 cases (56% ) 


Cot the 


65 (43%) were 


of Series 


whole group of 149 
CASES found to have tuber 
culosis in varying degree of severity. The 
lower percentage in Series A may be related 
to the mass radiography campaign for the 
detection of early tuberculosis and to im 
proved methods of treatment, but the differ 
ences the 


played va part 


in collection of cases may have 


in Series A had 


and in four others 


Two cases 
no evident dust fibrosis, 
mixed dust fibrosis was doubtfully present 
The diagnosis of tuberculosis was made on 
histological grounds, and no cultures were 
made from autopsy material 

On the other hand, there was a higher 
incidence of 
the later 


carcinoma of the bronchus in 
series. It will be seen in Table 


that there were 13 such cases (15.3%) 


in 
Series A, but in Series Bb there were only 
3 (47%), and, taking the groups as a 
whole, there were 16 cases or a percentage 
incidence of 1O8. Again, the increased 
numbers in the later series might be asso 
ciated with the general increase of lung 


cancer in the population as a whole and not 

necessarily be related to the occupation 
Pneumonia, either lobar 
18 cases 

A and 28% 


some of the cases, 


or lobular, 


(21% 


in Series B), and in 


curred in in each series 
in Series 
but not in all, it was the 
immediate cause of death. 

Bronchiectasis was a complication of 19 
(9 in Series A and 10 in Series B), 
or 12.8% of the total of 149 cases. 

In 13 cases of Series A and in 3 of Series 


B the actual cause of death was coronary 


Cascs 


thrombosis, or in 10.8% of the total cases 


It is possible that this condition occurred 
oftener in Series I} than we were aware of 
Not every Case had a good history, and the 
heart was not always available 

A common finding was bronchitis, mainly 
chronic, both on naked-eye and on histo 
logical examination, but our notes on this 


point are not detailed enough to furnish a 
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The 


common in industrial towns that one is apt 


incidence. condition is so 


percentage 
to take it for granted and omit to make a 
note of it. 


It was actually noted in 40 cases, 


and in 2 cases purulent bronchitis was 
found. 

K:mphysema occurred in the majority of 
cases, and three types were found, viz., (1) 
generalized, (2) focal, and (3) bullous 

Cor pulmonale was found in many cases, 
it marked. Other 


cardiac lesions found were pericarditis (one 


and in four cases 


case), a ruptured heart following an infarct 


(one case), aortic valvular disease (one 


case), and ruptured aneurysm of the aorta 


(two cases). Death was ascribed to myo 
cardial failure in four cases. In addition 
to the 16 cases of death from coronary 


thrombosis, atherosclerosis of the coronary 


arteries was observed in 4 cases and was 
almost certainly present in others. 
Miscellaneous pulmonary conditions ob 
served were edema of lungs (four cases), 
acute pleurisy (one case), infaret of lung 


(one case), and purulent empyema (one 


case). Other lesions noted were single ex 
amples of acute cholecystitis, acute appendi 
citis with peritonitis, periurethral abscess, 
of 
and 


Ischerichia coli infection the urinary 


tract, chronic nephritis, tuberculous 


caries of the dorsal vertebrae. There were 
two deaths from cerebral hemorrhage and 
one from cancer of the stomach, In three 
cases death was caused by accidents at work, 
and a fourth person died as the result of a 


road accident. 


Pneumoconiosis as a Factor in Cause of Death 
(Series A) 
As stated above, pneumoconiosis (silicosis 


and/or mixed dust fibrosis) was found in 
varying degrees of severity and in a number 
of cases was not the actual cause of death. 
A tried the 


played by and dust 


In Series we have to 


aSSCSS 


part silicosis mixed 


fibrosis in the deaths. Our assessments are 
given in Table 3. 

In 34 of the 85 cases fibrosis of the lungs 
the main factor in the 


A further 18 workers had 


due to dust was 


cause of death 


7 

4 
x4 

4 = 
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PNELCMOCONIOSIS IN IRON AND STEEL FOU VDRY WORKERS 


LABLE 3.—Pneumoconiosis as a Factor im Death 


silicosis was a leature n the steel fettlers 


Whereas mixed dust fibrosis was found 
Factor in Death 


Total ottener in steel grinders lhere were eight 
wat N if 
Gr Factor Doubtful Not cases ot tube re ulosis three of carcinoma ot 


the bronchus, four of pneumonia, and one 


Steel dresser 16 il 2 
at bronchiectasis. but of them had 
Steel grinder is 2 
coronary thrombosis. (By contrast. the 
Steel molds 
. 21 cases of Series B there were 14 cases 
Iron dresser 
ot tuberculosis, 3° of pneumonia, 1 of 
fron grinder 2 4 
bronchiectasis. of coronary thrombosis 
Iron molder 12 
but none of carcmoma of the bronchus. ) 
“hot and sand blaster ‘ 
Illustrative Cases 
Welders and oxyacetylene 
cutters ‘ Case 50.--This worker, aged 59 years, was a 
Furnace bricklayvers 2 tee lresser tor 39 year then a saw operator m 
the tettling shop for a few years: after that he 
worked im the steel warehouse for two or three 
Furnace laborer 
ears, and finally he was a crane driver for eight 
(ore maker 2 
ntl 
Crane drives 4 During his last five or six years he had chest 
Foundry laborer trouble and was frequently off work. In April, 
Pattern maker | / 1950, he coughed up some blood, and he was exam 
Stone races , med at a chest clini \n x-ray report at that tune 
tated that there was “reticular fibrosis throughout 
Tota 4 hoth lune field aximal at the right base: the 
i Slight degree of sileosis; no evi 
but lence of active tuberculosis The man gave up 
hbrosis that may have played a part, bu 
. work te in lanuar 1951, and died a few days 
death was largely due to such causes a 
iter \iter nh autog the cause of death was 
coronary occlusion or carcinoma of the given myocardial failure due to emphysema of 
bronchus; these are recorded in the Table the lung icute bronchitis, and pheumoconios! 
as doubtful. In the remaining 33 fibrosis of \fter fixation the lungs showed old ad 
the lungs due to dust clearly played no part hesions at the apices igen nted areas were 
n their dying, though it was present in seattered throughout the lungs, many of 


moderate or marked degree in 9 and in them with moderately marked surrounding 
slight degree in a further 15; only 9 had no — focal emphysema; many of these areas were 
such fibrosis palpable, some quite hard, and up to 3 mm 

Steel kettlers or Dressers The ages at in diameter \pieal and marginal emphys 
death of the 16 steel fettlers o1 dressers in ema Was present, and the bases were con 
Series A ranged from 39 to 66 years, with — gested The hilar lymph node were 
an average of 52.4 years. The length of enlarged, black, some of them firm. some 


exposure to the dust of steel fettling varied fairly soft 


between 13 and 40 years, with an averag: Microscopically there was mixed dust 
of 31.4 years. All but one (see below, Case fibrosis with an occasional whorled silicotic 
77) had either silicosis and/or mixed dust nodule (| ig. 1), purulent bronchitis, and 
fibrosis in varying degree. Seven of them emphysema 

had marked silicosis and six had advanced Chemical analysis gave as percentages of 
mixed dust fibrosis, one case having both the weight of the dried lung ash, 2.61 
types of fibrosis in marked degree Apart total silica, 0.15; free silica, 0.09, and iron 
from four cases in which classical nodular (as FeoQ,), 0.48 

silicosis was found without mixed dust Comment. Mixed dust fibrosis in a steel 
hbrosis, both types of fibrosis were con dresser employed as such for about 39 years 
monly found in the same case (Classical Vas a tactor m his death which, however 


a 
ry 
on 


A 


Case 50, 


Fig. 1 
nodule 


steel dresser. Silt 
cot Hematoxylin and 


x 28 


eosin, 


largely resulted from bronchitis and em 
physema 
Case 111 


steel dresser for 25 years and then for 


This worker, aged 54 years, was a 
1] years a 
staff foreman in charge of the fettling shop. He 


died in March, 1954, and after an autopsy the 
cause of death was given as “carcinoma of the 
bronchus with secondaries in the brain, heart, 


lymph nodes, and skin.” 

After fixation the lungs showed a large 
carcinoma at the root with extension into 
the lymph nodes, Throughout the lungs but 
more numerous in the upper regions were 
small palpable nodules. The hilar nodes not 
infiltrated by growth were large, very hard, 
and partly caleitied 

Microscopically there was an undifferen 
tiated carcinoma of the bronchus, whorled 
silicotic nodules, and areas of mixed dust 
fibrosis (Fig. 2). 

Chemical analysis gave ash, 2.90; total 
silica, 0.29; free silica, 0.23, and iron (as 
KeeO,), 0.04 as percentages of the weight 
of the dried lung 
Silicoti 


Comment, nodulation and mixed 


dust fibrosis were present in a man em 


ployed at steel dressing for 36 years but 


were not considered a factor in his death, 
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which was due to secondary deposits of a 
carcinoma of the bronchus. 

Case 77.—This man, aged 49 years, since leaving 
school at 13 years of age, had worked as a steel 
His health 
1952, when he 
X-ray 


examination revealed a large shadow in the right 


dresser at one foundry for 36 years 


had remained good until January, 


developed pains in the chest and dyspnea 


midzone suggestive of carcinoma of the bronchus 


but no evidence of pneumoconiosis. Investigation 


in hospital confirmed the diagnosis, and he died in 
August, 1952 

At autopsy a carcinoma of the right 
midbronchus was found, together with col 
lapse and bronchiectasis distal to the tumor. 
Confluent bronchopneumonia was present in 
the right lower lobe. Focal emphysema, but 
no palpable nodules, was present in both 
lungs. The hilar nodes were infiltrated by 
metastases. 

Microscopically the tumor was found to 
be an adenocarcinoma associated with bron 
bronchiectasis 


chopneumonia, edema, and 


with accompanying fibrosis. No silicosis or 
mixed dust fibrosis was seen in any of the 
was no tuberculosis. 


sections, There 


Chemical analysis gave as percentages of 


111, steel dresser. Stellate nodule 
of mixed dust fibrosis with central hyalinization 
Hematoxylin and eosin; & 26 


2,—Case 


PNEUMOCONIOSIS IN IRON AND STEEL FOl VDRY WORKERS 


Fig. 3.—Case 105, dresser. Radiogram 


steel 


(1946) showing nodulation over both lung fields 
with massive shadows more marked in right 
upper zone 

the dried weight of the lung: ash, 2.84; 


total silica, 0.32: 


free silica, 0.22, and iron 


Comment. This case illustrates the factor 
of individual susceptibility to the dust of 
free had 


years in the steel dressing shop of a foundry 


silica. The man worked for 36 


of left 
upper 


lung (1953); 

lobe; mixed du 
emph 
natural size 


and did not contract sileosis of mixed dust 


fibrosis. In the present series there are 


nine cases of silicosis and/or mixed fibrosis 


who had worked in the same dressing or 
cleaning shop. The patient died of carei 
noma of the lung 

Case 105 This worker, aged SO years, had 
heen a steel dresser for 27 years, sine leaving 
chool at 14 vears ot awe until the we of 4] years 
when he developed silicosis and tuberculosis. Since 
then he had done no work 

An x-ray examination in May 1946, showed 


generalized nodulation with beginning massive shad 


ows im both upper zones 


(hig. 3). The 


1953 md an 


more marked on the 


right sie man died in December, 


iutopsy confirmed the presence of 


theosis and tuberculosis 

\fter fixation the pleurae were found 
to be thickened on both sides. Massive 
hbrosis replaced much of both upper lobes; 
in the right lung there was ragged central 


cavitation suggestive of tuberculosis; in the 


black 


Nodules were present in other parts of the 


left lung the mass was solid and 


lung. The hilar nodes were black, firm, and 


moderately enlarged. In Figure 4 a large 


section of the left lung shows massive 


fibrosis in most of the upper lobe and sore 


lower lobe: 


Approx ite) one-ltourtl 


fe 
"4 
q *. 
Fig. 4—Case 10 teel dresser. Whole section 
assive fibrosis of most of 
ibrosis in 


A 


mixed fibrosis with focal and bullous emphy 
sema in the lower lobe. 

Microscopically there was tuberculosili 
cosis, 

Chemical analysis gave ash, 3.94; total 
silica, 0.48; 
KegO,), O08 as percentages of the dried 
weight of the lung. 

Comment, 


free silica, 0.16, and iron (as 


with 
sive fibrosis in both lungs in a steel dresser 


Tuberculosilicosis mas 


with 27 years’ exposure. Comparison of 
x-ray film of 1946 with large lung section 
of 1953 shows that the massive fibrosis had 
developed fairly rapidly during seven years 

Steel Grinders.-—The of the 13 
steel grinders in Series A ranged from 49 


ages 


to 69 years, with an average of 59 years; 
their length of exposure to the dust from 
steel grinding varied between 19 and 40 


years, the average exposure being 31.7 
years. Three of them were swing-frame 
grinders. All but one had fibrosis of the 


lungs due to dust, and in seven cases this 


was the main factor in the death: in two 


more cases it was doubtful whether silicosis 
and/or mixed dust. fibrosis played much 
part, whereas in four, though pneumo 
comiosis was present, it was not the cause 
of death. In death 


due, respectively, to coronary thrombosis in 


these four cases was 


two cases (one associated with syphilitic 


aortitis), to pneumonia, and to carcinoma 


of the bronchus. In another case the pneu 


mocomosis was complicated by bronchiecta 
sis, The one case without histological evi 
dence of dust fibrosis had extensive caseatl 
ing tuberculosis with intra-alveolar phagocy 


tosis. There were also small perivascular 


dust deposits without definite fibrosis 
Illustrative Cases 
56 


CASH This worker, aged 58 years, had beer 


employed continually for 35 


the 


years as a swing 


frame grinder in steel warehouse at one 


foundry; he worked on steel bars and slabs with 


an artificial stone, never with steel castings or with 


a sandstone, He had never worked in or close to 


processes associated with a known silicosis risk 
He worked regularly with no noticeable loss of 
time up to September, 1950. He died in March, 
1951, and at autopsy was found to have miliary 


tuberculosis and slight silicotuberculosis 
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After fixation the lungs showed much 
At 


massive 


fibrosis of the pleura on both sides. 

the of 

fibrosis, apparently due to silicosis, 1% by 

by 1 

present at the left apex. The remainder of 

the lung was riddled with small nodules, up 


right apex was an area 


in.; a similar but smaller area was 


to '4 in. in diameter, most of which showed 
caseation in some degree. 

Microscopically the lungs showed silico 
tuberculosis of varying age and extent, The 
hilar lymph nodes showed separate silicotic 
and tuberculous nodules. 

Chemical analysis of the lungs gave the 
following as percentages of dried weight: 
ash, 5.14; total silica, 0.30; free silica, 0.21, 
and iron (as FesQO,), 0.20 

Comment, Silicotuberculosis with ter 
minal disseminated tuberculosis in a swing 
of billets 
castings) employed continually as such for 
35 


frame grinder and bars (not 


years 
10%.—-This 51 


aged 
grinder all his working life, from 14 to 44 years of 


man, years, as a 
During the first 20 years he was a table blade 
the 10 


shop ola 


age 


grinder and during last years stand 


grinder the 


He 


in fettling steel foundry 


gave up this work 


1946 and 


in the building department of the same firm 


on account his health 


to 


ot 


was transferred very light duties 


karly in 1952 he was in hospital for one mont! 
when a provisional diagnosis of carcinoma of the 
lung was made; he had a large opaque x-ray 
shadow in the pectoral axillary segment of the 
right upper lobe. Thoracotomy showed a mass ap 
parently due to a large collection of silicotic tissue, 
wid sections showed an old caseous lesion in the 
lung surrounded by dense fibrous tissue: sections 
of a lymph node were reported as showing dense 
fibrotic silicosis 


\ further radiogram in June, 1952, was reported 


as showing “generalized emphysema with nodula 
tion and reticulation, The right upper lobe is 
partly collapsed and contains a dense shadow; 
this 1s probably a mass of fibrous tissue and may 


ln econdary to an old tuberculous lesion, though 


the possibility of collapse due to neoplasm should 
he considered. Pneumoconiosis Stage 2 with mas 
ive fibrosis and evidence of old tuberculosis 

\fter an AUTOps \ the man’s death was recorded 


is due to stheotuberculosis 
\fter fixation the left lung showed some 


old 


white 


and there 


the 


adhesions, were many. tiny 


spots in pleura, some of them 


| 

& 

a 

a 


VOCONTO IN IRON AN TEEI 


showed tatrly 


palpable. The upper lobe 

marked emphysema with small, blacl 
spidery nodules; these changes were | 
marked in the lower lobe that was largel) 
solid gray-red. The right pleura had many 
idhesions. In the right upper lobe was a 
large (3 by 2% in.) hard mass that showed 
entral necrosis in its blackness and some 
scattered tiny caseous spots. Above and 
nternal to this mass and largely, but no 


entirely, outside the lung was a firm crea 


colored mass, rathet 


this 


cartilaginous in 


sistency; mass included in its lowe 


a bronchus with a rough thick wal 


le 


bronchi 


portion 
The remainder of the upper 
middle dilated 


with solid creamy material 


and the 


ke Ibe she we d 


Phe lowe 
showed tuberculous bronchopneumonia. [he 


hilar nodes were enlarged, black, and fin 


calcification and some caseation in 


there wa 


others appeared pure hy 

Microscopically there was theotuber 
culosis with a terminal tuberculous broncho 
pneumonia, squamous-cell carcinoma 


right 


with much fibrosis was present at the 
Apex 


Comment Silicotuberculosis and = care 


the bronchus in a steel grindes 


noma ot! 


employed as such for just over 10) year 


but previously a table blade (steel) grindet 
for about 20 years 


Iron Fettlers or Dressers Of the seven 


iron fettlers or dressers full details of age 


and lengths of exposure are available in six 


whose ages ranged from 58 to 71, with an 


average of 64 years, and who had been 


period 


exposed to tron-fettling dust for 


varving from 18 
of 29.8 years. In all seven case 


vears to 39 years, with an 
average 


fibrosis due to dust was present 


the main cause of death in five case In 


two others fibrosis of the lung as a tactor 
in the deaths was doubtful; death in one of 
these was due to carcinoma of the 


CASCS 
bronchus, and to pneumonia in the other 
One 


present, died as the result of 


case, in whom pneumoconiosis was 


ruptured 


aorta; in five cases tuberculosis of the lungs 


was tound, and three were complicated with 


CASI Ke ed 64 eat 
I esser and nce 1902 to 194] i 
ea ) rte 192 ised n! rhort lu 

rie e that presu had used rd 

4 ) Hew ml laborer fror }O4] 
unt 1949 and ter that dul no work } 
Ay 1952 

Phe ings after fixation showed marke 


pleura with adhesions over 


both upper lobes ind at the left base Very 
considerable fibrost wi present mothe 
lobe ind ineluded im we nu 
erou ill ca fied and caseou rea 
Ir the lowe lobe were cattered. yet 
black, firm nodules, up to 3 mm, in diametet 
vith a somewhat tellate outline and with 
light surrounding focal emphysema; thi 
lobe w congested and edematous, and in its 
pleu Vt tiny raised palpate white 
prot Bronchiectatn fibre of left lower 
lobe lhe hi i! lymph noc were enlarged 
‘ black, firn ind partly caleited 
roscopu illy there wa theotuberculo 
vith edema of the lung (paque black 
pigment wa present im ph wocyte within 
ind im aggregates around vessel 
none Of th pigment stamed with ferrocy 
incinerated sections 


ind TIC, but 


howed that much of it was tron 


inalysis gave ash, 2.98: total silica, 0.22 
Tree liea, 0.14, and iron (a OA 
ill a percentage of dried weight of the 
lung 

Comment. Silcotuberculosis in iron 


nd grinder employed as such for 


9 vear 

CA 112 Thi ul wed 66 years, had heen 
hetween the ages of 16 and 48 a fettler at an iror 
foundr where there wa also a mall brass 
foundr The fir then shut down, and he was 
unemployed for 2 years; after that he was et ployed 
is a watchman for 15 years. His jobs in the iron 


foundry consisted of fettling iron and occasionally 


bra castings with an emery wheel and also 
fettling nd frequent lining of the furnace Ir 
der to do this latter job. he would have 1 vor} 
le the fturt At that tome there were litth 
lust-control me ire force im the 

foundr While working there, he began to suffer 
with his chest, and his symptom hecame worse 
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nel tasis 
bronchiectas! 
I}lustr itive ases 
: 
: 
oe 
‘ 


A 


He took 
his bed in January, 1953, and remained there until 
his death in March, 1954 


alter giving up work at the foundry to 


Mas 
as emaciated 


the 


Postmortem examination (Dr. A, 


showed that this man 
Much 
trachea. Both lungs were firmly adherent 
the 


showed apical searring, were gray-black, and 


sic ) 


green mucopus was present in 


to chest wall and diaphragm 
contained multiple scattered small nodules, 
solid and black but with yellow caseous 
foci in some, In the upper lobes were solid 


blac k of 


mately 2 in diameter. 


areas massive fibrosis, approxi 


The hilar nodes 
were enlarged and black. There was an ad 
herent pericardium, The cause of death was 
tuberculosis of 


given as “bilateral chronic 


the lungs and pneumoconiosis.’ 

After fixation the lungs showed old but 
both 
There was marginal emphysema, massive 
black at left) apex 
the below this 


nodular and very black fibrosis, becoming 


not very dense adhesions on sides. 


fibrosis and below 


right apex; there was a 
less marked toward the bases of the lungs 
Tuberculosis, mainly chronic, was present, 
with slight caseation at the left apex. 

Microscopically the findings were typical 
of silicotuberculosis 


Chemical analysis gave as percentages of 
of the dried lung: ash, 3.69; 
total silica, 0.37; ().22 


(as Jy), OBS 


the weight 
free silica, and iron 


Comment, Sihcotuberculosis in a oman 
who had been employed for 32 years as an 
iron fettler but who also did some furnace 
cleaning and lining. 

122 age. After 


leaving school he served in the Army for 15 years 


Cast This man was 65 years of 


He then worked for a few months in a foundry, 
then for 7 years in a celluloid factory, and finally 
for 18 years as a fettler in an iron foundry 


He used mainly a portable grinder to remove the 


rough edges of castings. He began to suffer from 
a cough, copious sputum, and dyspnea about two 
years before his death and was given compensation 
for pneumoconiosis in April, 1949, by the Pneumo 
coniosis Panel, X-ray examination on Feb. 16, 1950, 
showed generalized micronodulation over both lung 
fields In had 


given up work, he pneumonia 


5) January, 1951, after he 


had an attack of 


(big 


M 


A. ARCHIVES OF INDUSTRIAL HEALTH 


= 
> 


hig 5 ( 


ase 


122, iron fettler Radiogram 
(1950) showing micronodulation over lung fields 


At 6 a. m. ow March 25, 1951, he gradually became 
comatose, and he died four hours later 


An the of 


hemoperitoneum from rupture of the ab 


autopsy showed presence 
dominal aorta, There was slight thickening 
of the left cardiae ventricle. 


black, 


scattered throughout emphysematous lungs. 


In the lungs 


were small, discrete, hard nodules 

After fixation both lungs showed tags of 
fibrous adhesions, and the interlobar fissures 
on the right side were obliterated. The cut 


black 


more frequent in upper lobes and tending 


surfaces showed multiple nodules, 


to be hard and raised in the posterior por 
tions. There was some emphysema in re 
lation to these lesions ( Fig. 6) 
Microscopically there was fairly extensive 
perivascular and peribronchial pigmented 
fibrosis. Within the fibrosis and also within 
the bronchioles were clumps of pneumo 
marked 
throughout, and in the left lung were patches 
of bronchopneumonia. (Dr. K. F. W. Hin 


son made the examination and report of this 


comosis bodies, Congestion was 


Case, ) 
Comment. Mixed dust fibrosis in an iron 
fettler employed as such for 18 years. The 
X-ray appearances and a large lung section 
The of 
death was rupture of the abdominal aorta. 


are compared, immediate cause 


No history of trauma. 


Tron’ Grinders.—lron grinders are ex 


ve 
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. 
posed to similar dust as are iron fettlers, 


and often one man will do both fettling and 
A there were five 
Their ages 
ranged from 48 to 71 years, with an average 
of 59.8 years, 


grinding. In Series 


Mien 
classified as iron grinders 
and the length of exposure 
to the dust from grinding of iron castings 
20 and 40 


average of 30 years 


varied between years, with an 
In only two Cases Was 
the 


deaths, and in the other three cases death 


pneumoconiosis clearly a factor in 
was due, respectively, to carcinoma of the 


bronchus, coronary thrombosis, and pneu 


monia. Tuberculosis was found three 
of the five cases 

Illustrative Case: 

Case 42 This man, aged 59 years, had heen 
an tron grinder for 35 years and then a laborer 
for 11 years in a heavy steel foundry 

He had suffered from bronchitis for many year 


and several vears before his death he had attended 


a tuberculosis dispensary and was for a short 


STLEL Fol 


VDRY WORKERS 


big. 6 ( ase 122, fettler 
Whole section of right lung show 
ing muxed dust fibrosis with focal 


emphysema and collapse of middle 


lobe 


natural size 


Approximately one-fourth 


ore 

period an inpatient in a chest hospital, He was 
ud to have been known to have silicosis for 25 
ears, being notified in 1925 and again in 1951, 
but was never examined by the Silicosis Medical 
Board. (lron foundry workers were not then 
included in the compensation schemes.) He gave 


owing to his chest condition seven weeks 
1950 


up work 
before his death in 

Ihe 
hesions over the right lung with considera 


ble 


large irregular cavity at the right apex and 


lungs after fixation showed old ad 


thickening of the pleura. There was a 


a fairly widespread  bronchopneumonia 


throughout the right lung. In the midpor 
tion and periphery of this lung were many 


hard 


in diameter 


gray-black, very nodules, the largest 


being 14% in There was acute 
pleurisy at the base of the left lung, in the 
lobe of 


tuberculous nodules with ‘some focal emphy 


upper which were scattered silico 


Microscopically there was tuberculosis of 


a 


A 


arying age, mixed dust fibrosis, and areas 


of confluent silicosis as well as mixed silico 
tuberculous lesions 

Chemical analysis gave as percentages of 
the weight of the dried lung: ash, 3.79; 
total silica, 0.66; free silica, 0.36, and iron 
(as 0.87 


Comment. Silicotuberculosis an tron 


grinder employed as such for 35 years 

Molders.—-\n Series A there were 
12 iron molders, their ages ranging from 
42 to 66 years, with an average of 55.4 
years, while the length of exposure varied 
from 12 to 50 years (average, 36 years) 
Two of them died as a result of accidents 
at work, and one of them, exposed for 22 
years, has already been reported ( Keatinge 
and Harding, 1954). The other man, aged 
42, who had been engaged as a pit moldet 
for 12 years, showed only slight mixed dust 
fibrosis in his lungs. All 12 cases had evi 
dence of pneumoconiosis in varying degree, 
but it, was clearly a factor in the death of 
only tour, doubtfully a factor in) another 
three, and not a factor in five (ineluding 
the two cases of accidental death). The 
causes of death in the other three cases were, 
respectively, coronary thrombosis, broncho 
pneumonia, and pelvic peritonitis with 
purulent bronchitis following an abdominal 
operation 


Ilustrative Cases 


Cast 67.—-This man, aged 59 years, worked as 
a molder in an iron-tube works from 1906 to 1951 
except for a period in the Army from 1914 until 
February, 1919. From 1906 to 1936 he worked in 
the vertical cast-pipe shop (now demolished) ; dur 
ing this period he would perform most of the 
operations connected with iron-pipe manufacture 
preparation of sand, mold making, pouring of 
metal, and stripping of sand from the hot pipes 
The sand used was a mixture of fresh, naturally 
bonded sand containing about 60% SiO, (Mans 
field red) and old sand with a small amount of 
yellow clay; no parting powders were used. The 
only really dusty process was stripping. From 1936 
to 1944 the man was a slagger on the blast furnaces 
and was said not to have had any appreciable con 
tact with dust. From 1944 to 1951 he was a gen 
eral laborer in the wagon shops, mainly loading 
the wagons. At no time was any complaint of chest 
trouble made to the management 
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Che man was admitted to hospital, with acute 
retention of urine, on Oct. 10, 1951, and a supra 
pubic prostatectomy was performed. He developed 
pelvic peritonitis and a purulent bronchitis and died 
om Oct. 20, 1951 

Dr. J. L. A. Grout reported on a radio 
gram of the chest: “My first impression on 
looking at the films was that there was not 
a nodular fibrosis. The distribution is not 
typical, the nodules occurring mainly at the 
bases, while the midzones and apices are 
clear, The appearances indicate long-stand 
ing, chronic, inflammatory disease.” 

After fixation the lungs had blue-black 
mottled pleurae with some white nonpalpa 
ble markings. Patches of black pigmentation 
were scattered throughout the lungs and 
were associated with focal emphysema of 
slight to moderate degree. In the center of 
these patches, especially in and above the 
midzones, were palpable black nodules, about 
1 mm. in diameter. There was bronchitis, 
possibly bronchopneumonia, but no evident 
tuberculosis 

Microscopically the lungs showed mixed 
dust fibrosis and focal emphysema, neither 
of them severe. There was bronchitis and 
early acute bronchopneumonia. Incinerated 
sections showed the presence of a fair 
amount of tron, In the hilar lymph nodes 
were whorled fibrous nodules, 

Chemical analysis showed ash, 5.01; total 
silica, 1.48; 


free silica, 0.47, and iron (as 
a), 1.50, all as percentages of weight 
of the dried lung 

Comment. Mixed dust fibrosis and focal 
emphysema (silicotic nodules in hilar lymph 
nodes) in a molder of iron pipes for 30 
years. The main dust clouds came from the 
“knock-out” (stripping or shake-out), and 
no parting powder was used. X-ray abnor 
malities were confined to lower zones of 
lung fields 

Case 80.—This man, aged 65 years, had been 
an iron molder for 50 years. Fettling was done in 
the same shop, and dried sand was used as a parting 


powder, For some years he was believed to have 


chronic tuberculosis 
At autopsy Dr. Garson found the lungs 
emphysematous with a few slight pleural 


adhesions; there were tiny, pinhead, gray 
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nodules just beneath the pleura and palpable 
in the lungs. There was congestion and 
much edema. The large heart showed hyper 
trophy of the left ventricle and dilatation 
of the right ventricle; there was myocardial 
fibrosis and severe coronary atherosclerosis 
The left kidney was cystic; the right, small 
with a granular surface and narrow cortex 

After fixation the lungs showed a thick 
ened pleura over the right lower lobe and 
adhesions at the right apex; elsewhere ther 
were tiny, doubtfully palpable, white spot 
in the pleura. Focal pigmentation of the 
lung was associated with very slight focal 
emphysema and no very definite fibrosi 
The hilar nodes were large, black, and soft 

Microscopically there was bronchitis, acut: 
bronchopneumonia, and edema of the lung 
Slight but quite definite mixed dust fibrosis 
was present, 

Chemical analysis gave as percentages of 
weight of the dried lung: ash, 4.16; total 
silica, 0.94; free silica, 0.36, and iron (a 
FesOs;), 1.13 

Comment. Slight mixed dust fibrosis, not 
a factor in the death of an iron moldet 
employed as such for 50 years. Dried sand 
(not silica flour) used as parting agent. The 
case illustrates the variation in foundry con 


ditions and in the risk of pneumoconiosis t 


workers 


Case 11 rhis man, aged 61 years, had heen 
iron molder first in Sheffield (22 vears) a1 
then in Leicester (20 years), Silica parting pow 
ders were used until 1944. He first hecame il! 
in July, 1945, complaining of dyspnea which g 
ually became worse, and he had periodic spells nu 
hospital during which he was under observation 
for tuberculosis. Tubercle bacilli were first found 
in his sputum, but only after repeated examina 
tions, in July, 1947, and he was sent for sana 
torium treatment. He had numerous x-ray exat 
mations Fig 7 shows the appearance or the 
lungs in 1946. No appreciable alteration occurred 
in later films, except that subsequent injections of 
iodized oil (Lipiodol) had left residual shadow 
These x-ray appearances are not often seen in 
foundry workers, and they resemble the “butter 
fly shadows” described by Herrnheiser and Hinsor 
(1954), who demonstrated that each lobe of the 
lungs consists of three parts: (1) the lobar root 
(2) the medulla, which is enveloped by (3) the 
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big. 7.—Case 11, tron molder. Radiogram (1945) 
howing massive hadow (“butterfly type”) in 
bot dzones and 1 ronodulation over remainder 

field witl ruxed dust 
rte Lhe lester n thi © appeared to le 
irwe restricted to the edull 


The lungs after fixation showed that both 


pleurae were thickened; there was very 


extensive tuberculosis in the right lung and 


‘ extensive in the left. The left lower 
lobe showed black emphysematous areas 
Microscopically there was extensive tuber 
culosis, some mixed dust fibrosis with foeal 
emphysema, No classical whorled  silicotic 
nodules could be found 

Chemicalpanalysis gave as percentages of 
weight of the dried lung: ash, 4.48: total 
thea, 0.59; free silica, O.18. and iron | 
O.49 


Comment. Ixtensive tuberculosis with 
noderate mixed dust fibrosis in an iron 
older vho had been “) employed for 42 
vears. He had used silica parting powders 

most of his working life 
Shot and/or Sand Blasters.—There 
vere only 5 shot and/or sand blasters mn 

Series A, whereas in Series B there were 
21 The smaller number of cases in the 
later series may be related to the facts (1) 
that blasting of castings in foundries has 
heen for some years under strict regulations 


requiring dust control and personal protec 
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tion of the worker and (2) that the use of 
sand as an abrasive in blasting operations 
was prohibited in 1949 

Of the five cases in Series A four were 
over 60 years of age at death, and two of 
these were over 70 years. The ages ranged 
from 53 to 77, with an average of 66 years; 
and their exposure to blasting was from 12 
to 23 years, with an average of 18.1 years. 
These workers had used both sand and shot 
in the blasting operations. All five cases had 
silicosis and/or mixed dust fibrosis, and in 
four of them the pneumoconiosis was 
advanced and was a factor in the cause of 
death. The fifth man died from coronary 
thrombosis, but the lungs showed a mod 
erate degree of mixed dust fibrosis with 
edema and bronchitis. In only one of these 
five cases was tuberculosis present. Nodulat 
silicosis predominated in this group, but 
mixed dust fibrosis was present in two cases 

Ilustrative Case 

Case 31.—This worker, aged 53 years, had been 
employed as a sand blaster in a steel foundry for 
22 years when he was certified as suffering fron 
silicosis, He then worked as a foundry laborer 
for the same firm for 13 years, He died in 
November, 1949 

After fixation the lungs showed a thick 
ened pleura over the left upper lobe; else 
where there were hard, white, pinhead-size 
spots in the pleura. [emphysema, both gen 
eralized and focal, was present, tending to 
become bullous at the apices and anterior 
borders, The lungs were brown with very 
numerous hard nodules, black or marbled 
black-gray, throughout. In the lower part of 
the left upper lobe and in the right upper 
lobe were marbled masses, some 2 in, in 
diameter. The nodules felt unusually hard 
as though they were calcifying. No sign of 
tuberculosis was seen. The hilar lymph 
nodes were large, very hard, and black with 
gray lines and whorls. 

Microscopically there was nodular and 
conglomerate silicosis with some calcification 
in both lungs and lymph nodes. There were 
also marked mixed dust fibrosis and transi 
tional nodules (Fig. 8) but no evidence of 


tuberculosis. 


364 


A, ARCHIVES OF INDUSTRIAL HEALTH 


Fig. &—Case 31, sand blaster. Mixed nodule of 
silicosis and mixed dust fibrosis. Hematoxylin 
ind eosin; & 63 


Chemical analysis of the dried lung gave 
the following percentages of its weight: ash, 
4.39; total silica, 0.95; free silica, 0.75, and 
iron (as FesQO,), 0.89. 

Comment. Silicosis and mixed dust 
fibrosis in a sand blaster employed as such 
ina steel foundry for 22 years. 

Welders and Oxyacetylene Cutters 
our of the five welders and oxyacetylene 
cutters in Series A died suddenly one from 
pulmonary embolus, one from coronary 
thrombosis, another from left ventricular 
failure, and the fourth from a fractured 
skull resulting from a cycling accident. The 
fifth man, aged 61 years, who had been 
doing oxyacetylene burning with occasional 
steel fettling in a steel foundry for 25 years, 
was reported as having died “from myo- 
cardial degeneration due to necrosis of the 
lung.’ Slight mixed dust fibrosis was 
present in the lungs of three of these cases 
but was not a factor in the death of any 
of them, 

The ages of these men ranged from 30 
to 68 years, with an average of 56.8 years; 
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their exposure to the fumes of welding or 
cutting plus foundry dust varied from 10 
to 37 years, with an average of 21.2 years 
Illustrative: Cases 
43 
employed as an oxyacetylene cutter by three firms 
from 1914 until his sudden death in October, 1950, 
from left 


(ASE This worker, aged 65 years was 


ventricular failure consequent on hyper 


tension. He had not undergone x-ray examination 
The heart weighed 19 0z., and the left ventricle was 
hypertrophied and dilated 

After fixation the pleurae were shiny blue 


black | here 


fairly the 


with nonpalpable 


marked 
that 


splotches 


was emphysema of 


upper lobes appeared to have been 
confluence of focal 


black. The 


lower lobes were congested, and scattered 


produced largely by 


areas; these lobes were very 


throughout were small, black emphysematous 


which definite nodules 


The 
slightly enlarged, black or dark brown 


areas mm no were 


palpable hilar !ymph nodes were 


Microscopically there was marked emphy 
sema, especially of the upper lobes, partly 


focal, partly generalized. A good deal of 


dust was present in alveolar phagocytes and 


43, 


fibrosis ; 


cutter. | 
Hematox 


oxyacetylene 
focal emphysema 


ase 
mixed dust 
lin and eosin; 


OUNDRY WORKERS 


in perivascular and peribronchial collections ; 
a few of the larger collections of such 
the 


only 


phagocytes showed any fibrosis In 


lymph nodes there was slight linear fibrosis 
related to the dust deposits (big. 9). [nein 
erated sections showed much of the dust to 
be iron 

4.26; 


and 


ash, 
silica, 0.07, 
2.32, all 


percentages of the weight of the dried lung 


analysis showed 


O19 


(hemical 
free 
leo) 


total silica, 


iron (expressed as as 


Comment. Minimal dust tibrosis and some 


focal emphysema that was not a factor in 
the death of an oxyacetylene cutter employed 
as such for 37 years 

62— This worker, aged 30 years, died as the 


skull 


Cony 


{ ASI 
lacerated bram after 
1935, at 


result of fractured and 


eveling accident leaving school 


14 
teel 
he 


returning 


he 
stayed there 
(1940-1946) 


his 


ears age, went as apprentice welder to 


firm and for tive years. Then 


R.A 
job 
No x 


six years the 
the 


10 years 


spent 


after war to welding 


had done of welding altogether 


film of his chest available 

The lungs after fixation showed that the 
pleurae were normal with only slight) pin 
fair 


No 
enlarged, 


pigmentation There was a 
amount of inhaled blood in the lungs 


Hlilar 


creamy with black spots 


emphysema nodes not 
Microscopically there was marked edema 

and considerable extravasation of blood. A 

small degree of pigmentation in) peribron 

chial and perivascular areas. No fibrosis in 

lungs or lymph nodes 

0.94; 


and 


total 


iron 


Chemical analysis gave ash, 


silica, 0.05; free sila, 0.02 


0.41, 
weight of the dried lung 


as 
2s), all being percentages of the 
Comment. No fibrosis found in lungs or 
lymph nodes of a welder in a foundry em 
ployed as such for 10 years 
Of the 
\ one 
was a man of 58 years who had worked for 


two fur 


(¢ 


lurnace Bricklayers 


nace brie klayers In Series ase 3) 
years at one steel foundry and for 16 
at another on furnace building and 
He died 1945 


and at autopsy, 


years 


dismantling in from lobar 


pneumonia, lobar pneu 


monia, emphysema, and silicosis were 


found. The hilar nodes were large, very 


He 
ray 
4 
>» 
- 
od 
aw? 
= 
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black, but not very hard. Microscopic ex 


amination showed extensive mixed dust 


fibrosis with an occasional nodule of whorled 
silicosis, fairly marked focal emphysema, 


lobar much 


pneumonia, pigment, but no 
evident tuberculosis. There silicots 
nodulation in the hilar nodes, Chemical 


analysis gave ash, 3.21, total silica, 1.11; 
free silica, 0.40, and iron (as FegO ), 0.74 
as percentages of the dried weight of the 
lung. 


The other man (Case 36) was 68 years 


of age and had worked as a furnace builder 
and repairer in a steel foundry for more 
He died in February, 1950, 


from bronchial carcinoma with secondary 


than 30 years 


growths in the lungs and nodes. There wa 
much black pigmentation and palpable 
nodules, mostly associated with focal emphy 
sema. In addition, there was a_ terminal 


pneumonia, Microscopical examination re 


veal d the presence of an oat celled care) 

noma of the lungs and dust fibrosis of the 

mixed dust pneumoconiosis type 
Chemical examination showed ash, 4.59; 


total silica, 0.35; free silica, 0.14, and iron 


(as FeoQ,), 1.6, all being percentages of 
the weight of the dried lung. 
Furnace Ladlers and Laborers.—\ive 


cases in Series A were classified as furnace 
ladlers, 
molten metal from furnaces into ladles and 
the 


Their duties, however, are variable, and in 


who are concerned with running 


transporting it to casting stations 
some cases they repair the linings of the 
furnaces and carry out other operations 
furnaces, 


connected with such as prepara 


tion of material for melting. Three cases 
were classified as furnace laborers, who per 
form many duties around the furnaces and 
whose exposure to heat, dust, and fume ts 
similar to that of the ladlers. Of the group 
of eight furnace workers the ages of seven 
are known and range from 54 to 80 years, 
with an average of 63.7 years, and their 
periods on furnace work varied between 
30 and 44 years, with an average of 37 
years, 


Pneumoconiosis in varying degree was 
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present in all eight cases, but it was a doubt 
ful factor in the deaths of five of them and 
not a the 


actual cause of death was coronary throm 


factor in three. In three cases 


bosis; in another (Case 69) death was due 
to aortic incompetence, though well-marked 
mixed dust 


of the 


fibrosis with some aggregation 
aA 


nodules was present; in two cases 


death was due to carcinoma of the bronchus 


one with tuberculosis as well, and in another 


death 


accompanied by acute cholecystitis. 


was due to acute bronchopneumonia 


In this 
case a large section of the lung showed two 
separate conditions: (1) a fairly generalized 


marked 


, and (2) slight mixed dust 


vesicular emphysema, rather more 
in the lower lobe 
fibrosis with slight focal emphysema mainly 
in the upper lobes. 
Illustrative Cases: 
23.—This man, 
described as a steelworks ladlet 


aged 55 years, was 
He was employed 
for 30 years as a steel furnace pit hand and pre 
pared the the to al 
health, he had not worked for about a year be 


his death in March, 1949 


material for furnace, Owing 


ore 


The lungs examined after fixation showed 
thick old fibrosis over the whole right lung, 
fibrosis over the left upper lobe, and recent 
the left lobe Qld 


fibrocaseous tuberculosis was present in the 


pleurisy over lower 
left upper lobe and extended into the apex 
of the lobe; the the 
left lobe showed black pig 


mented areas, some of which were palpable 


lower remainder of 


lower small 


Dense fibrosis with caseation. was present 
in the right upper lobe; a carcinoma sur 
rounded the upper lobe bronchus near its 
origin and extended back into the lymph 
nodes 


and mediastinum. 


The right lower 
lobe showed tuberculous bronchopneumonia 
with some acute cavitation. The hilar lymph 
nodes were greatly enlarged, mainly ob 
viously tuberculous 


black areas 


Microscopically there was a 


but with some hard 


squamous 
celled carcinoma of the bronchus, tubercu 
losis of varying age, emphysema, and some 
mixed dust fibrosis. The hilar lymph nodes 
showed tuberculosis with much pigmentation 
but little fibrosis. 


a 
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total agglomeration of nodules ( Figs. 10 and 11) 


Chemical analysis gave ash, 3.09 
silica, 0.20. and iron (as Fe oy), 0.30 as Incinerated sections showe« a moderate 
percentages of the weight of the dried lung. amount of iron around the nodules. Nodules 

in the hilar lymph nodes showed tsel 


Comment. Tuberculosis and carcinoma of 
the bronchus in a furnaceman employed as — necrosi 
such for 30 years. Pneumoconiosis was section (bigs. 12) and 
only doubtfully a factor tn his death wed well-m: d pneumoconiosi 
nodules, and 


CASE 69 his worker, aged 65 vear 
cupola ladleman for 40 years at one steel 
His job included chipping out and relining 
ladles with ganister. Following a visit of 
Radiography Unit in December, 1948, he 


vised to change his occupation, and he wa 
lung 


 omment Well 


another job with the same firm Hle mar 
b without ulty, and he lost no 
died suddenly in January, 
the cau d ] 
the cause of death wa ver ! as such for 
to aortic ine eter ind 
silicosi 
i¢ lived in 
\fter fixation numerous adhesions wert n. In 1916. at t ee of he started 
found over each lung. In the right upper until he 
lobe were black hard nodules, up to Y2 in Re 1 first as a 
or old crus 1 maki furnace 
in diameter, while focal pigmentation tha 
ibandon 7, he worked 


Wa Otten palpable Was present through 
out both lungs | (1 al ( mphy secmia Wa fairly ime too heavy 
il for two ye il or 


marked. The bronchi contained pus 
nployed in knox yg otf small n ignet cas 


Microscopically there was marked mixed 
Ings " ‘ir runners; this is the neare 


dust fibrosis and focal emphysema with 


Mixed dust Case 69, furnace ladleman. Mixed dust 


fibrosis with whorling of fibers. Hematoxylin and 
eosin: X 20 


Fig. 10—Case 69, furnace ladleman 
fibrosis and focal emphysema. Hematoxylin and 
eosin; * 6 


4 
| 
ith 
tocal 
undry emphysema 
the steel (Chemical analysis showed ash, 3.44: total cf 
silica, tree hea. O35 iron i 
1.20 as percentages ot dried we 
neu 
ved 
work 
tired 
vhen 
a 
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Fig. 12.—Case 69, cupola ladleman 


marked mixed dust fibrosis with aggreg: 


Approximately one-half natural size 


work owing to illness, Though he had no particu 


lar exposure to dangerous dusts, he was exposed 
most of the time to a smoky atmosphere; in fact, 
it was stated that he was never exposed to fresh 
was in his 
He retired in December, 1948, 


1952, the 


air, for when he was not at work he 


club smoking room 


and died in) December, as result of 


coronary occlusion. 

Only the right lung was available for 
examination after fixation. A large section 
13) showed slight but definite pneu 


black 


(big 


moconiosis—tiny, spidery, deposits 
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Part of large lung section showing well 
sions of the nodules and focal emphysema 


Fig. 12 A 
man. Part of large lung section show- 
ing 
with aggregations of the nodules and 


Case 69, « upola ladle 


well-marked mixed dust fibrosis 


focal emphysema Approximately 


three-fourths natural size 


with small areas of focal emphysema sur 
rounding them. Microscopically there was 
slight mixed dust fibrosis. 

Chemical analysis of dried lung gave these 
4.65; total 


free silica, 0.14, and iron (as FeoO,), O38. 


percentages: ash, silica, 0.50; 


Comment. Slight) pneumoconiosis in a 


furnaceman who for nearly 40 years was 


exposed toa very smoky atmosphere Death 


was unrelated to the lung condition 
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AND 


STEEI 


ing leet ore 
sLusien ot age of & 


Vakers 
in Series A, 


the other from 


Core Two core makers appeal 


and 
Both had 


pneumoconiosis, which in each case was a 


one from a steel foundry 


an iron foundry 


doubtful factor in the cause of death 


Case 18.—This man, aged 61 years, had been a 
core maker in a steel foundry all his working life, 
except for a short period at the end when he was 


employed as a painter in the same works. Because 


of chest trouble he had been off work for four 
months before he died in December, 1948 


At the postmortem examination the body 
was wasted, and there was freckled pigmen 
tation of the skin of the trunk and limbs 
Thick creamy pus was present in the trachea 


and large bronchi, especially on the right 


side. Some old adhesions were found over 
both apices. The lungs were much pig 
mented and showed diffuse stranded 


fibrosis in which small nodules were palpa 
ble, more markedly in the apical regions but 
there 


extending well down the lungs; was 


fairly marked focal emphysema. Embracing 
the main bronchus to the right lower lobe 
3 by 2 by 


which 


there was a large tumor mass, 


2 in., a direct extension of pene 


trated the parietal pericardium and projected 
into the pericardial cavity as a_ flattened 


knob, % by % in.; much af the tumor mass 


was necrotic and exuded pus-like material 


Rot 


NDRY WORKERS 


Fig 13 (Case Bd, 
borer. Whole 


showing 


turnace la 
section of right lung 
mixed dust fibrosis 
with small areas of 
Approximately one 
natural size 


sheht 
focal emphy 
fourth 


sema 


The 
large black, 


on section hilar lymph nodes were 
mainly soft, but with o« 
node 
Both 


infiltrated with new 


casional small hard 


infiltrated 


areas, one Was 


with new growth supra 


renals were extensively 
growth. There was nothing remarkable in 


the other organs 


Microscopically the tumor was a partly 


necrotic, oat-celled caremoma. There was 


bronchitis and early bronchopneu 
monia. Marked mixed dust fibrosis was 
present, but the only whorled silicoti 


nodules found were subpleural. One hilar 


lymph node showed 


numerous — silicotn 


nodules with early caleification 

Chemical analysis of dried lung gave the 
following percentages: 
silica, 0.26; free silica 
beeOs), 0.43. 


Comment 


2.97 : total 


0.10, and iron (as 


ash, 


Marked mixed dust fibrosis 
in a steel core maker employed as such for 
about 45 years. Carcinoma of the bron 
chus with secondary deposits 

Case 114 


he died and had been employed as a core maker in 


7 his man was 


aged 47 years when 


an iron foundry hetween the 


ayes ot 15 years and 


35 years. He then developed tuberculosis of the 
spine and was in hospital for four years (1942-46) 
back to light foundry 


and in April, 1953, was found to have pulmonary 


He went work at the tron 


. 

.N 

en 

= 


a 


1 


tuberculosis. He was treated at home with chemo 
therapy for three month He began light work 
again in May, 1954, but in June of the same yea! 
he developed a sudden attack of breathlessness and 
died within a few hours after admission to hospital 

After an autopsy the cause of death was given 
as “pulmonary edema following right-sided heart 
failure which had heen superimposed on chroni 
pulmonary fibrosis and emphysema.” 

\fter fixation the lungs showed many 
pleural adhesions; they were very black, 
and there was widespread emphysema 
mainly of the generalized type but with 
out bullae. The cut section showed palpa 
ble, tiny, glistening black nodules, In 
the left upper lobe there was a large area 
(2 in. in diameter) of massive fibrosis 
near the center of which was a small 
cavity with a caseous wall; no other 
naked-eye evidence of tuberculosis. The 
hilar nodes were large, black, and very 
hard 

Microscopically the sections showed 
fibrosis with pigmentation suggestive of 
mixed dust fibrosis; in the area of mas 
sive fibrosis there was necrosis suggestive 
of healed tuberculosis 

Chemical analysis gave ash, 10.07; 
total silica, 3.81; free silica, 1.87, and 
iron (as FegO,), 2.49 as percentages of 
dried weight of the lung. 

Comment. Healed tuberculosis with 
some mixed dust fibrosis in an iron foun 
dry core maker who had been employed 
as such for 20 years. The chemical analy 
sis gave high figures as compared with 
those of the steel core maker. 

Crane Drivers —Of the three crane 
drivers in Series A one, aged 60 years, 
had worked in an iron foundry; he died 
of extensive pulmonary tuberculosis, and 
no pneumoconiosis was found in his 
lungs. The other two had worked in 
steel foundries. One of them, aged 69, 
died in 1954 of a ruptured heart and 
coronary thrombosis. On naked-eye ex 
amination no abnormality could be de 
tected in his lungs. A large section 
showed very slight pneumoconiosis and 
focal emphysema, confirmed on histolog 


ical section 
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The second steel foundry crane driver, 
aged 62, had been employed as such for 
42 years, mainly over the Siemens fur 
naces. He died as a result of a crushing 
injury sustained at work. Microscopical 
examination of the lungs showed exten 
sive hemorrhage. There were small a 
cumulations of dust round the vessels 
with very slight fibrosis. There was a 
moderate amount of dust in alveolar 
phagocytes 

Chemical examination was not carried 
out in these three cases. 


Comment. Though dust concentrations 


are usually found to be high in the 


region of the crane tracks, two of these 
cases showed only minimal mixed dust 
fibrosis, and the third showed none. In 
none of these three cases was pneu- 
mocontiosis a factor in the cause of death 

Foundry Laborers.—Of the five foundry 
laborers in Series A one had worked in an 
iron foundry and four in steel foundries. 


Their ages ranged from 57 to 69 years, with 


an average of 62 years. Accurate details of 


the length of employment are not available 
In only one case was slight simple pneumo 
contosis found, and in another there was 
some pigmentation in the lung but no 
definite fibrosis. In this case whorled 
fibrosis (silicosis) was found in the hilar 
lymph nodes. The cause of death in two 
cases was carcinoma of the bronchus; 
in a further two cases it was coronary 
thrombosis; and the fifth case died as a 
result of hemopericardium due to a dis 
secting aneurysm and medial necrosis of 
the aorta. 

Pattern Maker.—The case of one pat- 
tern maker occurred in Series A 

Case 58.—This man, aged 67 years, had been a 
pattern maker in a steel foundry all his working 
life. His death occurred in April, 1954, from the 
rupture of a saccular aneurysm of the descending 
aorta (syphilitic aortitis). At autopsy there was a 
hemopericardium, and the heart weighed 24 oz 

The lungs after fixation showed some 
white thickening of pleural lymphatics 
over the upper lobes. There was mod 
erate pigmentation of the lungs but no 


4 
A 
a 


IN [RON AND STEEI 


palpable nodules marked 
The 


were slightly enlarged black, 


Moderately 
marginal emphysema was present 
hilar nodes 
and fairly 


scott 


Microscopie examination showed very 


shight mixed dust fibrosis. a moderate 
number of pigmented phagocytes in the 
alveoli basal edema and congestion and 


also marginal emphysema 
ash, 3.36; 
0.03, 


Chemical analysis showed 
0.23; 


(as 


total silica, free silica, and 


iron 0.56 as percentages ot 
the dried weight of the lung 

Comment. The case is important because 
pattern makers are exposed mostly to wood 
dust, with possibly some free silica from 
the sanding machines and from the general 


atmosphere surrounding the foundry. Pat 


tern makers have been shown to develop 
x-ray abnormalities of the reticular type 
(McLaughlin and others [1950]). In this 


case there was very slight mixed dust fibrosis 


which was clearly factor in the cause 
of death 


Stone Ra cr 


not a 


The case of one stone racer 
occurred in Series A 
Case 35 This had the 


stone racer or trueing up grinding 


foundry, He 


man, aged 71 years, 


unusual job of 


wheels in the fettling shop of a steel 


died of coronary thrombosis 
On examimation of the lungs (naked-eye 
and histological) the stone racer was found 


to have silicosis and mixed dust fibrosis, 


In the hilar 


nodulation 


emphysema, but no tuberculosis 


nodes there was. silicotic with 


some calcification 


4.15; 


and 


Chemical analysis gave ash, total 
stlea, 0.91: free silica, 0.55, 
1.02 as 
weight of the lung 
Morbid Anatomy of Dust Lesions 
All stages of reaction to dust were found 
A and Series B 


varying from intra-alveolar phagocytosis to 


iron (as 


percentages of the dried 


in the cases of both Series 


massive fibrosis. Two kinds of fibrosis were 


found in the lungs as a result of the inhala 


tion of foundry dust: one, the rounded 


whorled, dense, fibrous nodules of classical 
silicosis, not usually accompanied by focal 


emphysema, and the other, a linear or radial 


Fol 


IRALR 


hbrosis im stellate or 


irregularly linear 
fox al 


Chis stellate nodule, which is 


nodule, commonly associated with 


emphysema. 
tar the commoner in foundry workers, we 


call “mixed dust fibrosis.’ since im our 


experience it occurs in many different indus 
fact that the 


with 


tries that have in common the 


inhaled are mixtures compara 


small percentages of free sihea; other 


iuthors call this “simple pneumoconiosis.’ 
\lthough these two types of reaction are 
i most cases distinct, this is not always so; 


i classical nodule may be surrounded by 


ixed dust fibrosis, probably because of a 


hange in the composition of the dust in the 


vorkplaee sometime the nodules show a 


transitional picture, with whorling in a 


mixed dust lesion. lither type of lesion may 


how coalescence of nodules to produce 
large areas of fibro These changes ar 
llustrated Figure to 15 (except 
} ind 7), which have been chosen 
to illustrate the lesions caused by dust in 


the absence of tuberculosis: they are essen 


tially to those cle scribed by us 


grinder. Spidery nodule 
hbro 


and eosin: X 13 


focal emph 5 
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Vig. 15 —Case 115, iron fettler. Mixed dust 
fibrosis with fusion of nodules; focal emphysema 
Hematoxylin and eosin; x 4 
1950 and to those seen in South Wales col 
liers, except that whorled nodules are per 
haps somewhat commoner in our foundry 
series than in colliers. Nearly all the 
whorled  silicotic nodules found in lungs 
with no histological evidence of tuberculosis 
occurred in steel dressers ; it is possible that 
this is related to the higher percentage of 
free silica in air-borne dust in steel foun 
dries as compared with that in iron foun 
dries (Ahlmark *). We do not subscribe to 
the commonly expressed view that all cases 
of massive fibrosis are caused by infection 
with tuberculosis. In our experience coales 
cence of both the silicotic and the mixed 
dust nodules leading to massive fibrosis may 
take place without evidence of any help from 
the tubercle bacillus, but undoubtedly many 
cases with massive fibrosis show tubercu 
losis as well. We discussed fully the rela 
tionship of tuberculosis to the dust fibroses 
and the histology in 1950, and on this point 
we have little to add, except perhaps to 

* AhIlmark, A 


authors 


Personal communication to the 
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emphasize the difficulties of diagnosis of 
silicotuberculosis when the — individual 
nodules contain elements of both silicosis 
and tuberculosis. 

It might be added here that Hamlin’s case 
(1953) of “anthracosilicosis” in an iron 
foundry molder appears to fit in with our 
conception of mixed dust fibrosis and that 
the condition may not be necessarily due to 
the inhalation of coal dust. A similar condi 
tion is found among workers in steel foun 
dries where coal is not added to the molding 
mixtures. As we pointed out in 1950, pig 
mented particles in the lung are difficult to 
evaluate. We wrote then that “it is our 
experience that particles, which are com 
pletely black transmitted light and 
appear to be carbon, are not infrequently 
iron and iron oxide. Inhaled iron is often 
too dense and opaque to show any coloration 
with potassium ferrocyanide and hydro 
chloric acid and probably chemically too 
inert to give an appreciable chemical reaction 
with these chemicals. We found that the 
only way we could demonstrate the nature 
of these particles was by examining incin 
erated sections in reflected light. It was then 
surprising that much of what one took to be 
carbon remained as a yellow, orange, or red 
pigment.” 


Carcinoma of the Bronchus 

In Series A there were 13 cases of carci 
noma of the bronchus, squamous-celled or 
undifferentiated, or 15.39; if one adds the 
two series, there were 16 cases, with a per- 
centage incidence of 10.8. Both of these 
percentages are notably higher than in the 
general population of similar age, particu 
larly when it is remembered that Series B 
relates to a period before 1949 and Series A 
to 1949-1954. 

The Registrar-General (1938) showed 
that there was an excess of cancer of the 
lung in metal molders and die casters and a 
slightly smaller excess in furnacemen, 
rollers, iron and steel foundry laborers, and 
metal grinders. Midgeley Turner and Grace 
(1938) in a study of the mortality from 


A 
| 
= 
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cancer among men in certain Sheffield trades 
concluded that engineers, foundry workers, 
and grinders showed a marked excess of 
cancer of the respiratory tract as compared 
with other workers. Argyll Campbell ( 1940, 
1942, 1943 ) 


dence of lung tumors in mice inhaling (a) 


and found an increased 


ine} 
iron oxide, (/) a mixture of iron oxide and 
silica, and (¢) a mixture of alumina, silica, 
iron oxide, and calcium carbonate, as com 
These 


were not entirely convincing, largely because 


pared with controls experiments 
of a considerable variation in the incidence 
of tumors in the various control groups, and 
many, tecluding ourselves, discounted them 
at the 


Faulds, and Stewart, 1955) has reported 


time. Recently Faulds ( Bonser, 
for carcinoma of the bronchus an incidence 
of 8.85% in 192 autopsies on Cumberland 
hematite miners as compared with an inci 
dence of 1.856 in 2578 autopsies on men 
over 20 years of age 

These facts provide evidence which sug 
gests strongly that there is an increased inci 
bronchus in 


If this be true, 


dence of carcinoma of the 
workers with iron and steel 

there are several possible factors, including 
mineral oil, soot, silica, iron oxide, and the 
fumes arising from the pyrolysis of linseed 
oil and of the many other organic binders 
commonly used in molding and core sands 
Neither in the experiments of Argyll Camp 


were soot or the products of pyrolysis fia 


bell nor in the hematite miners of 


tors, but they cannot at present be ruled 
out as playing a part in foundry workers 
Kennaway and Kennaway (1947 and 1953) 
did not find that exposure to siliceous dusts, 
¢. g., in coal miners, increased the vulner 
ability of the lung to neoplasm, The South 
African Medical (1950) 


found that, in the gold mines where classical 


Silicosis Bureau 
silicosis occurs, primarily cancer of the lung 
is not commoner in silicotic miners (0.72 ) 
(0.74% ) or in a 
similar body of adult males in the general 


Schoch (1954) found 


than nonsilicotic miners 


population (1.279% ). 


+ Faulds, J. S 


authors 


Personal communication to the 
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no etiological ,relationship between silicosis 


and primary carcinoma of the 


lung in 
Switzerland. James (1955) surveyed nearly 
2000 autopsies on South Wales colliers, find 
ing primary lung tumors in 3.36 as com 
pared with 5.4% in a control 
unlikely that 


Can the 


group. It 


seems to us very silea is an 


important factor inhalation of tron 
incidence 
We feel that 
the evidence just cited would be highly sug 
that 


oxide be related to an increased 


of carcinoma of the bronchus 


gestive were it not other groups of 


workers who inhale iron oxide dust have 


not been shown to have a similar high inet 
dence of carcinoma. For instance, welders 
(electric, oxyacetylene, and carbon-are) and, 
in particular, those who do not work in 
foundries, according to the Registrar-Gen 


eral (1938), do not show an excess of cancer 


at any site. One of us (A. 1. G. MeL.) has 
with A. T. Doig examined some 300 welders 
and found evidence of carcinoma of the 


bronchus in none of them 


In Doig’s sur 
vey of the world literature on welders ( Doig 
and Duguid, 1951) and in his further elin 
ical and radiographic studies, cancer of the 
lung is not mentioned. The published autop 
sies on welders are few, but in none of them 
has carcinoma of the bronchus been found, 
and the same remark applies to silver finish 
much 
1945 

1948 ) 


ers who also. inhale 


iron ox ice 
(McLaughlin and others, Barrie and 
1947 Con the 


other hand, the few published autopsies on 


Harding, Harding, 


boiler sealers who inhale 


a good deal of 
that 


the lung has been found in 3 out of 12 cases 


iron, siliea, and soot show cancer of 


(Harding and Massie, 1955). Two addi 
tional cases have since come to our notice 
It seems, therefore, that it still remains 


an open question whether iron or tron oxide 


can be incriminated as a 


factor in the 


increased incidence of 


carcinoma of the 


bronchus in foundry workers 


Chemical Investigations 
1. Relationship of Silica in 
Fibrosis total 


sithea and of free silica (Trostel and Wynne 


Lung to 


Degree of Istimations of 


473 


4 


1940) were made on 68 foundry workers’ 
lungs of Series A, the results being 
expre ssed as a percentage of we ight of the 
dried lung. These estimations were made 
on specimens that had been cut into and had 
been in formol-saline for varying lengths of 
time, often many weeks: they are not neces 
sarily comparable with figures obtained with 
different techniques. There is a general 
increase in the content of both free and 
total silea with inereasing fibrosis, but the 
overlap between groups is wide, and in any 
particular case the figures can provide no 


more than suggestive evidence Table 4 


Paste 4.—Total and Free 


Degree of Fibrost 


Average 
+44 0.92 
+4 
0.455 
" 0.210 


vives the estimations of total and free silica, 
compared with the degree of fibrosis 

2. lron in the Lungs.—¥stimations of 
iron in the lungs of 63 foundry workers 
gave an average figure (expressed as 
FesO,) of 1.035% of weight of’ the dried 
lung, with a range from 0.20 to 3.76. This 
iverage is some six times greater than that 
given for normal lungs of similar age by 
Griffith, Butt, and Walker (1954). Tron 
estimates were made in only nine cases 
having carcinoma of the bronchus; these 
gave an average of 0.80%, with a range 
from 0.30 to 2.11. 

Siderosis or Silicosis: The tron and silica 
contents of the lung have some bearing on 
the contention of Hamlin and Weber 
(1950), supported by animal experiments 
by Vorwald and associates (1950), that the 
nodular shadows in the x-ray chest films in 
foundry grinders and burners represent 
deposits of iron and not nodular fibrosis. 
Undoubtedly (and particularly in the 
burners) some, but not all, of the shadows 
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in the x-ray films will represent deposits of 
iron oxide. It will be recalled that iron 
oxide was the first dust shown by animal 
experiments to have a restraining influence 
on the fibrogenic properties of free silica 
(Kettle, 1932). We think, however, that 
Hamlin and Weber have overstated their 
case when they maintain, without human 
pathological studies, that radiographic nod 
ular shadows in these foundry cleaning 
room operatives represent siderosis and not 
Vheir contention is based on. the 
facts (1) that their workers were exposed 


to high concentrations of iron oxide dust 


yilica in Lungs (Series A) 


Silles 
r 
Kange Average Range 
0 
7-381 0.222 O.01-18 
0.05-0.44 0.101 0.02-0.42 


and “insignificant” amounts of free silica 
and (2) that animals exposed to foundry 
dust up to three years did not contract 
fibrosis of the lungs. It may well be that 
three years is not long enough to produce 
fibrosis in animals with dusts containing 
about free silica. One of us H.) 
| Keatinge and Harding, 1954]) found that 
intraperitoneally in rats foundry dust caused 
shght fibrosis after eight months but that 
rouge (legO,) did not. Inhalation experi 
ments for six and a half months with 
foundry dust showed only a doubtful 
increase of reticulin fibers in the rats’ lungs 
These animals do not commonly show 
fibrosis unless the proportion of silica is very 
high; negative results in laboratory animals 
cannot be safely taken as applying to man 

We have previously reported (Harding 
Gloyne, and McLaughlin, 1950) the patho 
logical findings in a carbon-are welder of 
55 years of age who had worked for 34 
years in a steel fettling shop. He had been 
exposed to the inhalation of high concen 


4 Total 
de 
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trations of iron oxide from the welding 


fume, together with small quantities of free 
silica in the general atmosphere of the shop 
Death was due to subacute nephritis with 
failure and bronchitis 


cardia intercurrent 


and bronchopneumonia. Typical silicoti« 


nodules were found in a lymph node, and 
throughout the lungs were areas of mixed 
dust fibrosis 

Our experience of the x ray films of cases 
of uncomplicated siderosis, g., non 
foundry welders, silver finishers, etc., leads 
us to believe that characteristically there 1s 
no aggregation of the nodular shadows 
(McLaughlin, 1951; Mclaughlin, 


Barrie, and Harding, 1945) and that shad 


(srout 


ows will resolve if there is no further expo 
(Doig and Me 


By contrast, when nodular 


Sure to oxide dust 
Laughlin, 1948) 


shadows are 


iron 


found in foundry castings 
cleaning-room operatives (whether they be 
welders, grinders, or fettlers), they coalesce 
and progress slowly, eventif the workers 
are removed from exposure ( Ahlmark). 
Of the 
this 


oxyacetylene cutters showed slight mixed 


Cases of Series 


\ presented in 


paper, three out of five welders and 


dust fibrosis in the lungs, though it was not 
a factor in their deaths. In the other castings 


able 3) 


fibrosis occurred in the 


cleaning-room workers silicosis 


and/or mixed dust 
majority and in many cases was an impor 
tant contributory factor in their deaths 

In short, we do not believe that, when a 
foundry castings cleaning-room operative 
develops nodular shadows in his chest x-ray 
film, 
remark applies particularly to grinders and 


fettlers The 


they represent pure siderosi This 
underlying condition the 
likely to be a 


admittedly 


lungs is mixed dust 


hore 


though some of the 


shadow s may be 


fibrosis 
associated with posits ol 


iron pigment without fibrosis 


Dust Fibrosis in the Various Categories 
of Foundry Workers 


Our main conclusions about the occur 


rence in various foundry occupations of sill 
t AhIlmark, A 


Personal communication to the 


Fol 
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cosis and mixed dust fibrosis, as stated in 


our article in 1950, have not been altered 
by the findings of the additional 85 cases 
here presented. It will be seen, however, 


(Table 2) that the 1956 series includes path 
workers in 
did 


These categories are furnace 


ological evidence from occupa 


tional categories which not appear im 


the 1950 seTics 
ladlers 


pattern maker, and a stone racet 


furnace laborers, crane drivers, a 
As previ 
ously stated, we regard iron and steel grind 
ers as coming into the same categories as 
iron and steel fettlers, re Spec tively, and these 
will not be discussed as new categories 
Furnace Ladlers and Laborers.—\n 1950 


we found that furnace workers (including 
casters, ladlers, pourers, cupola attendants, 
ind annealers) developed abnormal appear 
films of the These 


were comparatively slight, 1. ¢., up 


ances im X-ray chest 
changes 
to reticulation (Categories Il and IIT), and 
124 
x-ray appearances classified as x-ray nodu 
IV). We said then that it 


is probable that most of the abnormal x-ray 
that the 


in only | out of furnacemen were the 


lation (Cate gory 


changes were due to siderosis but 


possibility of mixed dust fibrosts ot silicosis 


could not be ruled out. Steel furnace work 
ers showed a higher incidence of x-ray 
ibnormalities than did iron or mixed iron 
and steel worker This suggested that there 


was more exposure in steel foundries to 


the dust of free silica m addition to tron 


coming off the 
\ stated above, 


found in 


oxide fume furnace 


Vary 


ing degree was furnace 


all eight 


workers in Series A, but it was not a factor 


deaths of three of them death in 


each Case WA clue to coronary thrombeo Is 
factor five I he 


here | that the 


ind a doubtful mam 


abnorm il x ray 


pomnt at issue 


ippearances found in furnacemen may bn 


lue to the presence of mixed dust fibrosis 


ideros) In this series the 


fibrosi was more marked in steel than in 


ron foundry workers, and this supports our 


pore x 


ray findings 


Drivers \ 


1950 that 


Crane regards crane drivers 


ve found in they also de veloped 


175 


. 
me 
author 


A, 


mild x-ray abnormalities which were more 


marked in men working in the fettling 
shops compared with those in the molding 
shops, and also more marked in steel than 
in iron foundries. Dust counts were much 
higher in fettling than in molding shops, 
and the concentrations of dust at crane-track 
levels were as high as those found at floor 
level. Of the drivers in the 
present series the lungs of one showed the 


presence of 


three crane 


tuberculosis and no 
had worked in_ the 
molding shop of an iron foundry. The other 
two had worked in steel foundries, and both 


extensive 
pneumoconiosis. He 


had slight pneumoconiosis which was not a 
factor in their deaths. The abnormal x-ray 


appearances in crane drivers may, there 
fore, be caused in part by pneumoconiosis 
as a result of inhalation of the dust in the 
general atmosphere of the foundries. 
Pattern Makers.-\n our previous foun 
dry survey we were surprised to find that a 
proportion of pattern) makers developed 
x-ray abnormalities of the chest, usually of 
a mild type, This occupational group works 
in shops separate from the other foundry 
processes and is exposed mainly to. the 
inhalation of wood dust. It is possible that 
a small quantity of free silica dust mixed 
with wood dust is evolved from the sanding 
machines, but the amount is very small com 
pared with that in other foundry processes. 
Of 149 pattern shop workers only 1 had 
well-marked x-ray reticulation (Category 
111), and none of them had x-ray nodula 
tion (Category 


was disabled 
The this 
(Case 58) had only slight mixed dust fibro 


Clinically none of them 


one maker im 


pattern series 
sis, pigmented alveolar phagocytosis, basal 
edema and congestion, and marginal emphy 
sema. He died as the result of the rupture 
of an aneurysm of the descending. aorta 
The that the mild 
x-ray abnormalities in pattern makers might 
be due to the presence of slight mixed dust 
fibrosis 


case shows, however, 


It is not likely, however, to be 

advanced 

death 
Stone 


enough to cause disability or 


Racer —TVhis is not a_ regular 
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foundry occupation, but it is not surprising 
that the man developed silicosis, though his 
death was due to coronary thrombosis. 
Steel lettlers.—\t add that 
still a silicosis in 
steel fettling 


remains to 
risk of 


understandable, be 


there ts serious 
This is 
cause until recently no dust-control meas 
ures had been applied to the process. The 
Iron and Steel Regulations, 1953, came fully 
into force on Jan. 1, 1956, and require the 


application of exhaust ventilation to and 
separation of the cleaning processes from 
other foundry jobs. The 
death of steel fettlers still 


the same level as it did in 1950 


average age at 


remains about 
52.4 years 
in Series A and 53.4 years in Series B 
Sand and Shot Blasters. Wy 
deaths among blasters coming to our notice 
Series A as 


The disc rep 


contrast, 
were fewer in number—-5 in 
compared with 21 in Series B 
ancy in numbers may be coincidental, but, 
as we pointed out in 1950, the number of 
deaths is becoming fewer, largely owing to 
which 
have been in operation for more than 20 


the stringent dust-control measures, 
years, and also to the replacement of sand 
by steel shot. The average age at death of 
5 cases in Series A was 66 years, compared 


series, however, show a marked improve 


with 48 years of 21 cases in Series B. 


ment over the cases studied by Merewether 
in 1936, when the average age at death was 
Series A 


nodular silicosis was a predominant feature, 


40.7 years. In our five cases in 
as it was in Series B. 

Steel Molders 
pears to be one of the least hazardous occu 
pations m the foundry industry; the fact 
steel Series A 
may not be significant, but it is consistent 
with the dust found in 
the oceupation (McLaughlin and Lawrie, 
1950) 


Steel molding still ap 


that no molder 


appears in 


low concentrations 


Pneumoconiosis, however, does 


occur in steel molders, and of the 192 new 
cases of pneumoconiosis nm foundry work 
ers diagnosed in 1953, there were 4 such 
Cases, 

The other groups do not appear to war 
rant further discussion, but it will be noted 
that the series of and B) 


two cases (A 


| 
a 
a 
fy 
4 


PNEUMOCONIOSIS IN [IRON AND 


together include representatives from all 
main categories of iron and steel foundry 
occupations and that dust exposure in each 
occupation is capable of producing dust 
fibrosis. The risk, however, varies greatly, 
being greatest in the foundry cleaning-room 
operatives (particularly in steel fettlers or 
and least in the 


dressers ) pattern-shop 


workers. 


Summary 

The clinical radiographic, environmental, 
and pathological findings in 85 iron and steel 
foundry workers coming to autopsy are 
reviewed and compared with a series pub 
lished previously. The findings are further 
discussed under various occupational cate 
gories. 

is produced that radiographic 
changes in the lung fields of these workers 
are not due solely to siderosis but that 
mixed dust fibrosis are also 


silicosis and 


responsible. Fibrosis of the lungs due to 
was present in 90%, but it 
important factor in the death of only 406 


in this series 


dust was an 


very foundry occupation ts capable of 
dust fibrosis in the workers’ 
but the risk 


greatest in the foundry cleaning-room oper 


producing 
lungs, varies widely, being 
atives (particularly in steel fettlers or dress 
ers) and least in the pattern-shop workers 

Attention is drawn to a high incidence of 
this group, 
and possible causes for this are discussed 


carcinoma of the bronchus in 


Other important complications and causes of 


death are tuberculosis, pneumonia, and 


coronary thrombosis 


information con 
rendered by Dr. P. K 


members of the 


Assistance in collecting the 


tained in this paper 
Walker and the 
Panels, especially Dr. S 
Blyth, by H. M 
A 
Christopher S 


was 
Pneumoconiosis 
Bryson and Dr. H 
Inspectors of Factories, and by 
Grout, CBE, and Dr 
Darke, of Shefheld. Dr. Ko W 
Hinson, Pathologist to the London Chest Hospital, 
supplied histological details and a 


large lung sec 


tion of Case 122. The microphotographs were 


made by Mr 4 W. Collins, F.I.M.L.T., and x 
ray reproductions by Mr. ¢ 4 Collyer, Photo 
graphic Department of the Air Ministry. Part of 


STEEL FOUNDRY 


WORKERS 


the expenses were met by a 


University 


to one of us 


Shetheld 


grant 


from the Research Fund of 
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the n ited Ss les 


VICTORIA M. TRASKO, A.B., Cincinnati 


One of the conclusions reached at the 
1955 McIntyre 
cupational Chest Disease was that statistics 


the 


Saranac Conference on © 


are needed on incidence of pneumo 
conioses for the proper evaluation of prog 
the dust. this 
Conference the Occupational Health Pro 


gram of the Public Health Service presented 


ress in control of 


some preliminary statistics! indicating that 
silicosis continues to be a widespread occu 
pational health problem in the United States 
This finding has been reaffirmed by an 
inquiry which we have recently completed 
on the prevalence of silicosis in the United 
States. The results of this study will be 
published in detail this year in a= special 
bulletin which will also cover silicosis in 
terms of compensation costs and causes of 
death 

It should be stressed at the outset that our 
study Was based on otic ial records obtained 
from scattered sources. Since a uniforn 
scheme for compulsory routine examinations 
of workers in dusty trades does not exist 
in this country, and since very few studic 
of dust diseases have been 
official 


hold forth the only promise of information 


of the incidence 


carried out in recent years, records 
When we began this inquiry, we recognized 
the imprac th ability of developing evidence 
of a conclusive nature, But by accumulating 
data on a sufficiently large number of cas 

we hoped to come up with general informa 


tion on at least four questions 


Accepted for publication June 11, 1956 
Healt! Pre 


Ss Departs ent ot 


Program Adviser, Occupational 
gram, Public Health Service, | 

Health, Education, and Welfare 
Annual 


Conterence of Crovernmental 


Philadelphia, April 23 


Presented at the Meeting of the 


Industria 


1956 


American 


Hygienists, 


| hiat the prevalence siheosis the 
ited State 

\) re the i te ot the sileot« 
populate 
| iwhificant nus her of new curses cle velop 

vorkers entering dusty trades for 

the first tims e past 20 year 

1 WI pect t the dust problem need fur 


ther tud 
Covering the five-year period 1950-1954, 
disc losed 


that have been compensated or reported im 


the study 10,362 cases of silicosis 


one form or another in 22 States. If cases 


proce by nsation but for 


arious reasons demed benefits are added, 
the total exceeds 13,000 

Of the 10,362 silicoties whose cases are 
on record during this period, about 20% 
ire dead YI are totally disabled; and 


10 are still working, secking work, or of 


an unknown status 


Sources of Information 


In our search for quantitative data on 
iheosis, We wrote to official health or com 
pensation agence in 26 States believed to 
have information. We asked for data on 
mcividual cases in their records from 1950 


through 1954, covering age, sex, years and 


place ol employment diagnosti data, and 


compensation costs when applicable 


Ihe cooperation we received from. the 


States was gratifying. Only one of the 26 


Three 


could not readily sort 


states did not respond States either 


had no u able data or 


out the theosis from other work-injury 


CASES Iwo States provided their own tabu 


thons on age and mee upations one on com 


pen ated cases and the other on employer 


reports. bor three States only total number 
of claims proce ssedl could be obtained. Three 
compensation agencies sent us listings of 
ndividual claim processed, and two state 


79 


ne 

ja 
| 


health departments sent official medical re 
ports of individual cases containing all or 
some of the information requested, The 
sources of information in two States were 
cases discovered upon routine x-ray exam 
inations of workers in dusty trades. 
Several of the other 10 States participat 
ing in this study wrote that the information 
we were requesting was available but not 
tabulated and that, if we wished to review 
and abstract the cases ourselves, they would 
make files available. We accepted these 
offers and proposed this procedure for other 
States. In this manner a considerable vol 
ume of data, including where and when 
persons worked, was opened to us, which 
otherwise would have remained buried in 
the files. Some of the compensation case 
files were so voluminous that it often took 
as much as half an hour to pick out the 
few personal and occupational facts on a 
single case from the mass of transcripts of 
hearings; reports of referees, advisory 
medical boards, hospitals, physicians, and 
laboratories; autopsy reports; birth and 
death certificates; bills; employer reports of 
wages and hours worked, and correspond 
ence with insurance companies and others 
As might be expected from resorting to 
such varied sources of information, the data 
collected are not qualitatively comparable 
One of the major and well-recognized short 
comings is the absence of uniformity in 
classifying stages of silicosis. For this rea 
son the term “silicosis” is intended to cover 
all stages determined, both medically and 
legally. Not all agencies concern themselves 
with noting whether the person also has 
tuberculosis or, if deceased, with noting the 
date and causes of death, Occupational in 
formation could not always be considered 
adequate or complete. Where compensation 
laws require employments for the previous 
10 or 15 years, usually this was all that 
would be recorded. Medical reports and 
death certificates give the most recent occu 
pation, which is not always the one re 
sponsible for causing silicosis. As a result, 
as analyses become more refined, the num 


ber of cases used as a basis becomes smaller 
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On the other hand, many records were 
reviewed that contained extensive clinical, 
laboratory, and radiographical proof of 
the disease and, at times, reports of indus- 
trial hygiene investigations of places where 
the disease may have been contracted. For 
some workers serial x-ray findings were 
recorded. As a rule, the purpose of the 
record and the legal procedures involved in 
compensation influenced the kind and extent 
of data kept. However, in the absence of 
uniform sources of information we accepted 
what was available and considered ourselves 
fortunate to get as much as we did. 


Geographical Distribution 


distribution of the 
States participating in the study, as well as 
the number of cases obtained in each State, 


The geographical 


is shown in Figure 1. Altogether, seven 
States each contributed under 100 cases, 7 
States between 100 and 500 cases, and 8 
States more than 500. Figures identified by 
stars indicate that sources of reports were 
primarily compensation records. The num 
ber of cases shown cannot be related to 
industrial populations within the States be 
cause of differing reasons for keeping rec 
ords on silicosis. 

As an example of wide differences in 
State prevalenee figures, attention is called 
to the figures for Montana and the neigh 
boring mountain States. These cases refer 
almost exclusively to hard-rock miners. The 
81 cases for Idaho and 40 for Utah repre 
sent compensated disabled and death cases 
filed with the Industrial Commissions. In 
Montana the 588 cases represent persons 
receiving silicosis benefits from the State 
Department of Welfare for the first time 
during 1950-1954 and deaths among silicotic 
workers, most of whom began receiving 
benefits prior to 1950. The requirement for 
eligibility for benefits in Montana, which ts 
entirely apart from regular compensation, 
is 10 years’ residence and medical evidence 
of disabling silicosis. The case load of 
workers receiving benefits has averaged be 
tween 600 and 625 per month over the 
past five years. Thus, the figure shown for 


PREVALENCE Ol SILICOSIS IN THI l 


UNDER 100 CASES 


100 - 499 CASES 
$00 CASES OVER 


We «COMPENSATION DATA 


Figure 


Montana, large as it is, does not reveal the 


real prevalence. It was used only because 
it represented the number of cases on which 
we had detailed information. 

The figure of 2153 for Pennsylvamia rep 
resents workers with silicosis and anthraco 
silicosis who were awarded compensation 
benefits during 1949 through 1953. Statis 
tics on deaths and employer reports of silt 
cosis were also obtained, although not used 


The 


information are 


differences in these three sources ot 
iHustrated in Figure 2. The 
first series of bars relate to the number of 
deaths coded to 


the 


silicosis and anthrac osilt 


COSIS; second series are compensated 


cases, and the third are employer reports 


Deeth 
Certificates 


NITED STATI 


i} 
WA Vel CA ax 


Figure 


made to the Department o! labor and In 


dustry The black shaded areas represent 
While 


may not be 


deaths and the unshaded, live cases 
the Pennsylvama experience 
how 


typical, this hgure shows 


different 


strikingly 
sources of information can influ 
ence the prevalence hgure for silicosis 


Prevalence 


\s an 


silicosis in the 


indication of the prevalence of 
10,362 


gathered information are 


United States, the 
cases on which we 
obviously an underestimate of the real situ 


ation 


In the first place, not all States or all 


potential sources of information within the 
= 


Comperwted 
Cee 
; 
| if | 
} 
} 
top: 


i } 


vt 
ie? 
~ } 
i 
66 
\ 
a 
AX 
| 
1.000 | | 
| A 
| q 
| a 
» 
3 
{ | 


22 States 


Secondly, about three-fourths of the cases 


participating were canvassed 


were obtained from compensation agencies, 
which because of numerous legal require 
ments seldom draw all the medically eligible 
Since disability for work must usually be 
evident for compensation purposes, we can 
assume that the majority of these cases 
would be unemployed and disabled. 

The prevalence figure then does not reflect 
accurately the number of persons still at 
work who probably have some form of sili 
cosis. This number may be larger than we 
suspect. Many skilled workers, such as 
granite cutters and molders, though they 
know they have silicosis, often prefer to 
remain at their jobs rather than seek com 
pensation or learn a new trade, Many in 
dustries, especially the mines, continue to 
employ workers with roentgenographic evi 
dence of silicosis as long as they are not 
seriously disabled 

Moreover, more than 10,000 workers have 
probably died from occupational lung dis 
eases during 1950-1954. According to the 
National Office of Vital Statistics * such 
between 
1949 and 1952. Of the cases accumulated 
for this study, only 20% were known to 
have died during 1950-1954 


deaths averaged 2000 annually 


Despite the paucity and limitations of the 
data, one cannot deny that 10,362 cases is 
a sizable number, even if spread out over 
a five-year period, Since we have no pre 
vious prevalence figures to relate it to o1 
even an adequate estimate of the population 
at risk to determine rates, we will have to 
be satisfied with the observation that this 


is a “lot of silicosis” for these times 


Age 


Using age as one of the characteristics, 
the data reveal that these cases are primarily 
an older group. The age distribution, based 
on 4814 persons with all stages of silicosis, 
shows that 2.56 (120) were under 35 years 
of age sometime during the five-year study 

*National Office of Vital Statistics, Public 
Health Service 
author 


Personal communication to the 


382 


M 


A. ARCHIVES OF INDUSTRIAL HEALTH 


period; 21.3% (1025), between 35 and 49 
50.6% (2437), between 50 and 64 


years, and 25.6% (1232), over 65 years. In 


years, 


other words, three-fourths were over 50 
years of age. A number of workers covered 
in this survey knew that they had silicosis 
before 1950, but, in general, most of the 
cases were diagnosed during 1950-1954. 

Sharp differences occurred in age distri 
butions by States, depending upon the 
sources of data. In States allowing benefits 
for temporary or partial disability, records 
revealed comparatively more workers under 
50 years of age with silicosis. For instance, 
New Jersey had 55% under 50 and West 
Virginia, 35%. In Montana, where the re- 
ports were of totally disabled persons or of 
death cases, only 4% were under 50 years 
of age. In Michigan, which supplied medical 
reports of occupational diseases, 20% were 
under 50. New York's data are not included 
in the above totals, but the State’s own tabu 
lations show that 159% of 681 closed cases 
(disabled) were under 50 years of age 
Pennsylvania's data are also excluded, since 
age distribution is based on employer re 
ports and ages for more than one-half were 
not known. 

These findings, within limitations imposed 
by the data, support the current opinion that 
most of the cases of silicosis coming to light 
at the present time are among older men 
and represent a residue of old cases. How 
ever, these data also show that silicosis 1s 
occurring among young men with recent 
exposures 


Industry 


lhe industries most likely associated with 
the production of 10,152 cases of silicosis 
in 20 States are classified broadly in Table 1 
This is a frequency distribution of the cases 
and in no way constitutes an indication of 
the order of hazardousness of the industries 
listed. The mining industries produced 
6755, or two-thirds (66.6% ) of these cases. 
Coal mining, including both soft and hard, 
ranked highest with 4079 cases; metal min 
ing followed with 1637 cases. There were 


R54 CASES for whom the typ of mining was 


7 — 
2 
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Taste 1.—Silicosts Cases by Type of Industry among pottery workers, 150 cases among 
Based on 10,152 Cases in Twenty States ; . 

clay and-tile workers, cases among 

workers engaged in manufacturing abra- 
sives, the processing of silica flour, mica, and 


Per Cent 

Industry of 

Cases 
numerous other nonmetallic mineral prod- 


Mining ucts, and 89 cases among silica-brick-furn- 
Coal mining 
Metal mining ce <M: > an epairme The 
Mixed and unspecified a dismantlers and repairmen 


Nonmetallic mining and quarrying 5 occupations for 593 workers (5.8) either 
Tatal— Mining 


Manufacturing were not known or could not be readily 
Tile and clay he 
Potteries 2! lassified. 


eutting and finishing he age distribution lor industry groups 
was determined for 4814 cases and ts shown 

n in Table 2. Excluding the group of 11 glass 


All other and not known ! workers, silicosis was found among indi 
Alll industries viduals under 35 years of age in each indus 
try group listed. However, none exceeded 


5.9% of its total. The 50- to 64-year-old 


mixed or was not specified. Drillers, muck 
group accounted for most cases within each 


ers, shovelers, and machinemen were. the 


7 industry as well as for all industries com 
most commonly mentioned specific occupa 


tions. Another 185 cases were associated bined ‘i 
vith the extraction and milling of nonme Proportionately, nonmetalic mare: ont 
tallic minerals, such as clay, feldspar, and arrying and the nonmetallic mineral in- 
mica, and with tunneling and quarrying dustries produced more silicosis among 
operations. workers under 50 years of age. Numeric 
Manufacturing industries with silica haz ally, more cases among workers under 35 as 
ards accounted for 27.60, or 2804 cases well as under 50 years of age were found in 
Foundries ranked highest with 1645 cases the mining industries and foundries 
(16.2%), about one-half of whom were Irom these facts we can conclude that 
molders, There were 485 cases among © silicosis is still associated with a wide 


granite cutters finishers, 257 cases variety of industries. If the occurrence of 


Taste 2—-Age Distribution of Silicosis Cases by Industry 
Based on 4,814 Cases in Seventeen States 


Per Cent of 


Under f Under 
Industry Total 35 


Mining 
Metal mining 
Coal mining 
Mixed and not specified 


100.0 
100.0 
100.0 


Nonmetallic mining and 


quarrying 100.0 


Manufacturing | 
Tile and clay 17 | 10D 
Potteries 100.0 


Glass 100.0 
Stone cutting and finishing : 100.0 


Nonmetallic mineral in- | 
dustries 

Foundries 

Silica-brick-furnace work 


100.0 
100.0 
1.0 


All other and not known 1000 


Total 


No. of Cases <e 
| | 
4 
2 
1,637 6 778 764 ‘ 17.0 “7 412.9 
1,129 18 175 6 54.4 13.5 
67 12 49 17.9 8.2 194 
: 
0.7 14.1 42.4 42.9 
1,119 16 187 14 16.7 4.2 25.7 
3 . 22 45 WA 12.5 
14 24 “7 mA 
y 


A 


sihcosis among young men can be regarded 
as a criterion, no industry can take credit 
However, it 


for complete dust control 


should be pomted out that the classified 
industries do not always represent the most 
recent place of employment. This was pat 


ticularly noted in cases from Michigan, 
Connecticut, Missouri, Oklahoma, and Mon 
tana where other than compensation records 
were used for the determination of preva 
lence. Hundreds of workers whose cases 
were reviewed left the dusty trades prior 
to 1950 and were employed at other jobs 
when silicosis manifested itself. To illus 
trate, Figure 3 shows the correlation be 
tween number of years worked and year last 
worked in mines for 250 Tri-State (Okla 
homa, Kansas, and Missouri) lead and zine 
miners who were hospitalized or were out 
patients at a hospital ino Jasper County 
Missouri 


having silicosis or silicotuberculosis some 


All these cases were on record as 
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time during 1950-1954. According to re 
corded data all but 63 had left the mines 
before 1950; 42 had quit by 1930 

Compensation agencies, recognizing this 
problem of multiplicity and changes in occu 
pations, follow the practice of assigning 
liability to the most recent place of employ 
ment with a silicosis risk. When the worker 
remains at the same place or even at the 
same kind of employment for his entire life 
(and many workers, including coal miners, 
molders, and granite workers, do this), 
there is no problem in determining the re 
sponsible occupation or industry. But large 
numbers of workers found with silicosis 
seldom stay at one job or place, particularly 
when the work is dusty or they are begin 
ning to feel the effects of “too much dust on 
the lungs.” 

Metal miners are especially migratory, 
and their length of employment is recorded 


as being “off and on.” An example of the 
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Figure 3 
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work history of a California metal miner 
aged 59 in 1953, with moderately advanced 
silicosis is presented in the following Tabu 
lation: 


Age 59 in 1953—Moderately Advanced Silicosis 
State lype of Work Years 
Minnesota Iron mines 1914-1917 


Idaho Lead and zine mines 1gis- 1919 
Utah Coal mines 1920-1924 
Utah Silver and lead mines 6 or 7 mo. in 192 


California Built house 
Arizona Copper mine 927-1929 


Nevada 


Lead and zine mine 1920 1930 


Arizona Copper mine 


California 


Punneling 


Washington Koad blasting 


Nevada 


California (iranite quarr’s 
No work since 194% 
Compromise settlement of $3.50 


Another 


Instance of migration was re 
vealed by the analyses of reports submitted 
by Michigan. Of the total 722 cases re 
ported during 1950-1954, 321, or 45¢-, had 
worked in coal mines of Pennsylvania, West 
Virginia, Alabama, and other States where 
some, no doubt, contracted the disease be 
fore migrating to Michigan in search of 
About 20 


foundries: 


other work were working in 


Michigan most of the others 


were employed nondusty occupations 


when their conditions were reported 
Silicosis Among Workers 
Exposed to Dust Since 1935 
“Is a 


significant number of new cases developing 


Information on the third question 


among workers entering dusty trades for 
the first time in the past 20 years?” is 
based on the analysis of 3455 cases in 10 
States for whom reasonably adequate em 
this 


allegedly 


ployment histories were obtained. Of 
344 
their 


number, workers, or 


received dust 


1935, or 


entire exposure attet 


sometime during the past 20 years 
Persons 


who began working in the early 


30s and overlapped this period were not 


counted in these 


figures 


UNITED 


STATES 


Phe distribution of 3455 cases by industry 
lable 3 


is shown in The two groups with 


the large st 


proportion of cases receiving 
total dust exposure in the past 20° years 
were nonmetallic mineral industries, with 
$2, and nonmetallic mining and quarrying 


with 21. It was shown earlier that these 


groups had the 
workers. On the 


two greater proportion ot 


younger other 


hand, the 
number of cases in these groups 1s compara 


tively small; so it is hard to tell what sig 


mificance should be placed on this’ finding 


Tile-and-clay workers, with 2007, are also 


i numerically small group. The proportion 


Paste 3.—Sticosts Cases Recewing Dust 


Exposure After 1935 


Based on 3,455 Cases in Ten 


States 


Cases Receiving 


Dust Exposure 


of After 


Min 
Coa 0 
M 1 or t specified 
Manufacturing 
Pottert 
Cla 0 00 
mineral 
lu wo 
Foundrte 0.0 
brick -furtiace work 
All other or not known 
for metal mining was 16, for siliea-brick 
furnace work 146, for foundries 10% 
1 | go 7¢ 


Cases were found with less than 5 years 


of exposure, but, in general, the exposure 


riod 


averaged about 15 years. The ei 


cumstances giving rise to the occurrence of 


these cases will be discussed more fully in 


the final report 


Silicosis with Tuberculosis 


Hreliminary tabulation of data collected 


on 2746 cases in IL States, for whom tuber 
ulosis when present was recorded, shows 
that also had tuberculosi It was chag 


‘ 
a 
— Mine 
No, 
Industrial Cases 
(iroup on 
Keeord No Per Cent 
i 
4, 
in 
7 
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nosed in 33% of the 1763 persons who were 
alive at the time of the latest record. lorty 
nine per cent of the 983 persons who had 
died during the study period were found to 
No other 


can be made at this time, as this aspect of 


have tuberculosis observations 


the problem has not been explored. 


Conclusions 


Our fourth question—“What aspects of 
the dust problem need further study?” 

cannot be answered from a study of records, 
Our 


findings indicate that silicosis continues to 


such as this, except in a general way 


be an occupational disease of considerable 
importance. From the standpoint of dust 
control the silicosis problem appears to be 
largely the result of exposures prior to 
1935, but not completely so. Sufficient evi 
dence was uncovered to suggest that either 
the application of dust-control measures is 
not universal or other factors are involved. 
We know this because silicosis is develop- 
ing among younger men with recent and 
short dust. In 
must consider that with less severe expo- 


exposure to addition, we 
sure silicosis may take longer to develop 
than in the past, a possibility that cannot be 
determined for some years. 

The findings also suggest that silicosis is 
a serious social and economic problem, Over 
the past five years the number of compen- 
sation claims for silicosis has been increas- 
ing. 
and improved diagnoses have undoubtedly 
influenced this situation. For instance, in 
West Virginia, the number of claims filed 
increased from 447 in 1951 to 931 in 1954; 
in New Jersey, from 18 in 1950 to 135 in 
1954; in Alabama, from 117 in fiseal 1952 
to 298 in fiscal 1955. 


Moreover, the silicotic is living longer. 


Liberalization of compensation laws 


Medical progress in general and the gradual 


adoption of preventive control measures, 
which have minimized the severity of expo 
sures among men continuing in dusty occu 
pations, have probably contributed to the 
longevity of the silicotic. The result is that 
the number of older people seeking financial 
assistance through compensation or other 
means is rising. 

There are unknown numbers of persons 
disabled from silicosis who cannot meet the 
eligibility requirements for workmen's com 
who become community 
responsibilities in one way or another. Pre- 
sumably the silicotic population will become 


pensation and 


stabilized as the previously exposed workers 
die. Our present silicotic population exem 
plifies the tremendous impact on society of 
a preventable but uncontrolled occupational 
disease. 

This inquiry into the prevalence of sili 
cosis has revealed, among other things, the 
need for better reporting of facts on diag- 
nosed cases of silicosis, uniform classifica 
tion of diagnostic terminology, criteria of 
disability, and standards for the supervised 
employment of nondisabled silicotics. 

In the absence of previous prevalence 
data of any kind on silicosis in the United 
States, it is hoped that the final report will 
provide a base line for future evaluations 
of the occurrence of silicosis. There is little 
doubt that 


problem of industrial, social, and economic 


silicosis will continue to be a 


significance for many years to come. 

This study was aided by the contributions of 
workmen's compensation, health, and other agen- 
cies, 
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I. Introduction 


\lkylated benzenes, like benzene, are im 
portant to the chemical industry because of 


their 


solvents and as 


Their 


in’ combination 


many uses both as 


chemical raw materials, utilization, 


either alone or with other 


materials, may be as solvents for colored 
ink in printing, for dyes in the coloring of 
Other 


uses include linoleum manufacture, the im 


cloth, and in lacquers paints. 


pregnation of many materials, such as paper 
and silk, and the brake 
linings. As chemical raw materials or inter 
mediates, the alkylated 
proved useful in the manufacture of ex 
plosives, 


manufacture of 


benzenes have 


agricultural pesticides, plastics, 
synthetic detergents, conditioners, antioxi 
dants, and medicinals. 

The extensive use of the alkylated ben 
zenes in industry has created the need for 
toxicological information which would per 
mit a comparison of their toxicities and the 
evaluation of the with 
their use, The experimental work presented 
here was undertaken in order to obtain such 
information 


hazards associated 


The data were collected over 
a 17-vear period. 
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Association, 
delphia, 


alkylated benzenes has been reviewed by 


literature on benzene and on 


browning,” by the Manufacturing Chemists 


\ssociation,” by the American Petroleum 


Institute in published toxicological reviews,4 
ind by von Octtingen.*? Boundy and Boyer # 


have reported on the toxicity of styrene 


rowning * states that benzene is an acute 


and chronic poison, Acutely it is an anes 


thetic agent, producing severe or even fatal 
depression of the central nervous system 
rhe chronic effect is that of injury to the 
hemapoietic system. The acute and chronic 


effects are two distinct phenomena and 


should not be confused 


Browning * toluene 


that, while 
effect, it 


cause any apparent injury to the hemapoietic 


stresses 


has a definite 


narcotic does not 
system, such as that produced by benzene 
Animal that 


toluene is more toxic acutely than benzene, 


experiments have indicated 


but it appears to be less toxie chronic ally 


This is in substantial with the 


views expressed by yon Octtingen 33 


agreement 


The exact degree of toxicity of xylene 
is still uncertain. According to Browning * 
most workers have believed it to be more 
toxic acutely than benzene and less toxic 
than toluene 
that it is 


Some workers feel, however, 


more toxic than either. Human 


experience has shown that in its chronic 


effects xylene appears to be less toxic than 
benzene. No definite injury to the hema 
poietic system has been attributed to it 
The chronic toxic ity of ethyl benzene has 
not been reported according to Browning.” 
Animal experiments have been reported by 
Yant 


and associates which 


indicate that 


* References 6 and 20 
+ References 5, 11, 19, 21, 


and 23 


387 


pe 
4 
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this material has an acute vapor toxicity of 
the same order as that of benzene. 

The review on isopropl benzene of the 
American Institute ' 


that it is regarded by 


Petroleum points out 
workers 
having a low degree of hazard under the 


conditions encountered industry 


most as 
How 
ever, in sufficient concentration it 1s a nery 
ous system depressant similar in action to 
benzene No on 


isopropyl benzene have been reported, but 


chronic experiments 
it is postulated that cumulative effects are 
possible because of its slow rate of elimina 
tion, 

Monomeric styrene in high vapor con 
centrations has been shown by Spencer and 
associates '? to be capable of producing cen 
tral nervous system depression. Animal ex 
periments have demonstrated that no serious 
chronic effects may be expected from con 
centrations which can be tolerated by man. 
It is apparently metabolized rapidly within 
the body 
the minimum con 
that 
the 
system of rabbits is 0.25 to 2 mg/liter (55 


" claims that 
of 
effect 


Rylova 


centration styrene causes an ap 


parent upon central nervous 


L—Some Chemical and Physical Properties of 
Boiling 
Point, 
Material Synonym Cc 
Henzene Benzol 40.0 
Toluene Poluol; methyl 110.6 
benzene 
X ylene X ylol; dimethyl 
benzene 45 
Ethyl 196.2 
benzene 
Diethy! 180 
benzene im 
Isopropyl Cumene 182.4 
benzene 
Styrene Vinyl 
benzene 145.1 
Methyl 1654 
styrene 
Vinyl x-methyl 171.0 


toluene styrene 


A. ARCHIVES OF INDUSTRIAL HEALTH 


435 


posures daily to 1 


to three-hour 
(217 ppm) 


caused some loss of coordination in young 


ppm). Repeated ex 


mg/liter 


rats. a-Methyl styrene showed central nerv- 
ous effects in rabbits at 0.06 
1 mg/liter (12 to 207 ppm). 


system to 

All the materials have been reported to 
cause skin irritation, which has been pos 
tulated to be due in part to their fat solvent 
properties and in part to the effect of the 
chemical. Varying degrees of eye irritation 
have been reported for some of these ma 
terials.t 


been accepted or assumed.§ 


Absorption through the skin has 
However, re 
cently Conea and Maltagliati'® reported 
that benzene was not absorbed in man after 
immersion for 25 to 35 minutes of the hands 
Their conclusions were based 


sulfate 


and forearms 


on urine determinations and_ tests 


for benzene in the expired air. 


II. Compounds Investigated 


Pertinent chemical and physical proper 


ties of the materials studied are listed in 


{ References 9 and 15 
§ References 5, 6, 8, 11, 21-23 


Materials Ini estigated 


Specific Purity Per Cent 
in of 
ar wc Per Cent Isomers 
Wo 
O87 V2 
wp 
we 
‘5 p 
ow weer 
ou 
wl 
0.90 m 
0-45 p 


— 
7 
= 
4 


Table | 


by ultraviolet or infrared analysis 


Purity, where given, was obtained 


III. Experimental Procedures 


A. Source 


The white 


Feeding, and Selection of Animal 
rats used in these studies were 
in this laboratory stock 

the Wistar Anatomy 


in 1938 


raised 


from a obtamed from 


Institute of and Biology 


They were maintained on a modified 


Sherman stock diet consisting of the following 
ingredients 
Whole wheat, freshly ground 55% by weight 
Dried whole milk 25% by weight 
Dried meat residue (or dried 

extracted liver) 12% by weight 
Dried brewer's veast 5% by weight 
Calcium carbonate 1% by weight 
lodized table salt 2% by weight 


The albino guinea pigs and rabbits were of a 
stock 
They were fed a commercial diet 
by alfalfa hay: 


heterogeneous this 


raised in laboratory 
supplemented 
in addition, the 


ceived fresh cabbage 

rhe imported animals 
held under observation in the laboratory several 
months They 
diet of laboratory 
fruits, and vegetables 


guinea pigs re 


rhesus monkevs were 


before use were ted a 


Var iable 


commercial chow," peanuts 


Healthy rats of 175 to 250 gm. weight were 
selected for the single dose oral experiments 

The rats used for the repeated oral feedings 
and vapor exposures were divided according to 
body weight, sex, and number into well-mate hed 


groups about two months after weaning. Five 


rats were caged together in  wire-mesh-bot 


tomed cages 

The rabbits, guinea pigs, and monkeys used 
in the repeated vapor experiments were selected 
carefully on the basis of general health. growth, 
body weight, and appearance alter a preliminary 
‘I hese 


Kroups as to 


period of observation 


animals were di 


vided into matched number, sex 


and age 
All the repeated 


feedings and the vapor exposures were wei thed 


animals used in the 


oral 


at regular intervals during the studies. Fre 


quent observations were made of their general 


appearance and behavior Records were kept 
of food consumption and mortality. Growth 
curves were drawn on each group. Those ani 
mals failing in health were killed when mori 
bund and examined. Surviving animals were 
killed 18 to 22 hours after their last « xposure 

This was Purina rabbit chow (complete 


ration) produced by the Ralston 


Purina Com 


pany, St. Louis 


€ This was 


Purina laboratory chow 
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and examined for evidence of organi myury 

Che gross appearance of the lungs, heart, 
liver, kidneys, spleen, and testes was observed, 
and these organ were weighed In addition, 


wortions of the adrenals, pancreas, and femoral 
| 


marrow, as well as those tissues mentioned 
above, were preserved in formalin and saved 
enparationt ot hematox viin-and-eosu tamed 

‘ 
Oxalated blood was obtained from selected 


animals of each group at time of autopsy for 
determination of urea nitrogen by the diacetyl 
monoxime method,* 

Bone marrow counts were made on selected 
annals of each group during both the repeated 
oral vapor-exposure experiments The 
number of nucleated cells per cubie millimeter 


of temoral bone marrow was estimated by the 


inethod described by Farrar,” using a red blood 
cell diluting pipette and 1% acetic acid as the 
diluting fluid The total cell count was de 
termined im a similar manner using Havem’s 
olution 

When appli able, the Fisher f-test ™ was used 


im comparing the mean values of the final body 


ind orgar obtained on the 
Probability 


mterpreted as 


werghits exposed and 


of 


inexposed values 


less than O:.05 were indicating a 


igniheant differences 
The « 


etfects on the te 


riteria considered im judging the toxic 


st anmmals in both the repeated 


oral and 


Vapor experiments were growth, mor 
tality, appearance and behavior, hematological 
findings, terminal concentration of urea nitro 
gen im the blood, final average organ and body 
veights, histopathological findings, and bone 
Marrow counts 

Oral Administration Single Dose: The 
toxicity of benzene and some alkylated ben 
zenes was determined on young adult white 


rats lhe materials were introduced into the 


tomach by means of a stomach tube (RFS 16 


mn, all-rubber catheter), either as the undiluted 


material or as an olive-oil ot 


10% 


com-oil solution 


emulsihed with a 5% 


aqueous solution of 


acacia (gum arabic). The total volume admin 
istered was never greater than 7 c¢ All the 
surviving rats were observed until recovery was 
assured (usually about two weeks) 

2. Repeated Dose Matched groups of 10 
female rats each were piven single doses of 
henzene toluene, ethyl benzene isopropyl ben 
zene, of tyrene daily by stomach tube. five 
days a week for six months. The material was 
fed as an olive-oil solution, as described in the 
previous section. The total volume administered 
dail is never greater than 2to 3ml. A group 
t 20) rat erved as controls and were fed doses 
t 2 mi. ot olive oi emulsified in the acacia 


—— 
a 


A.M 


solution on the schedule as the 


same 
The 
made up at one time in sufficient quantity to 


last for about one month 


experi 


mental solutions 


groups olive-oil were 


Hematological examinations were made on se- 
lected 
tervals 


animals of each group at varying in- 
after 20, 40, 80, and 130 
These consisted of the determination of total 
erythrocytes and leucocytes, hemoglobin con- 
tent, as 


usually doses 


well as a differential white blood cell 
count. 

Skin Contact—Irritation and Absorption 
The effects of benzene and some alkylated ben 
zenes upon the skin were studied on white rab- 
bits The method as described by Adams and 
associates’ was used, except that with some of 
the materials the applications were decreased 
in number, The 
diluted. Routinely 10 to 20 applications were 
made to the ear and a like number bandaged 
onto the shaved abdomen over a period of two 
weeks. The observed 
daily and were weighed weekly. A significant 
loss of weight or 


materials were tested un 


to four animals were 


signs of abnormal behavior 


were interpreted as indicative of absorption 
through the skin in acutely toxic amounts. 
/ ve Contact 


terials 


The effect of each of the ma 


tested upon the rabbit's eye was ascer- 
tained by introducing two drops of liquid onto 
the right eyeball. Visual observations of irrita- 
tion and corneal injury (both internal and ex- 
ternal) were made upon the treated eye at the 


following times after treatment: three minutes; 


one hour; and one, two, and seven days. A 5% 
water solution of fluorescein dye was used to 
stain and render visible the external injury of 


the cornea in all observations after the first 
(three minutes) 
Vapor Inhalation —\ 


Laboratory 


Repeated Exposures to 
Animals: Benzene, ethyl benzene, 


styrene, a-methyl 


stvrene, and vinyl toluene 
were introduced into the exposure chamber by 
vaporizing into the in-flowing air at a constant 
rate a measured amount of the liquid under test 


chamber was established using a sensitive an- 


vapor 


concentration within 


the exposure 
alytical procedure and adjusted to the desired 
level, when possible, with the animals in the 
chamber and the chamber fan going to provide 
adequate atmospheric circulation. 
ing the 


Analysis dur- 
that the 
vapor concentrations were held uniformly with- 
in 10% 


experiments demonstrated 
of the desired concentration. 
Two types of chambers were used. The large 
rectangular chambers were made of sheet metal 
1700 and 
were equipped with a 30 in, circulating fan, The 


smaller chambers were fashioned of glass and 


and had a capacity of about liters 
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were of about 160 liter capacity. These are de 
scribed more fully elsewhere.” 

Matched groups of 10 to 25 male and female 
rats and 5 to 10 guinea pigs and of 1 to 2 rab 
bits and 1 to 2 monkeys of either or both sexes 


were employed as experimental animals. “Air 
exposed” and/or “unexposed” controls were 
used, depending upon the material. “Air-ex- 


posed” controls were subjected to repeated 
exposurés of room air in a chamber, while the 
“unexposed” controls were maintained in 4 rou 
tine manner in the animal quarters. Routinely 
the “air-exposed” and test animals were placed 
in the exposure chambers seven to eight hours 
daily, five days a week. 

2. Odor and Irritation Experiments 
Subjects: Calculated 
methyl styrene, or vinyl toluene were introduced 


into the 


Human 
amounts of styrene, a 


atmosphere of an enclosed, tightly 


sealed room. Utilizing sensitive analytical pro 
cedures, the concentration within the room was 
determined, Then human subjects entered the 
room quickly and noted their reactions with re 
spect to odor, eye irritation, and nasal irrita 


tion. 


IV. Results of Experiments 


A. Oral Administration. 
The 


following the administration of single doses 


1. Single Dose: 
results of the data obtained on rats 
of the various alkylated benzenes and ben 
zene are summarized in Table 2 


Taste 2-—Summary of the Results of the Acute 
Oral Experiments 
Animals Approx 
Matertal Sex Swed, 
No Gm. ke 
Benzene Male 25 5.6 
Toluene Both 7.0 
Xylene Mule 43 
Ethyl! benzene Both 57 3.5 
Diethyl! benzene Fernale 6 1.2 
Isopropyl! benzene Male 2 
Styrene Both 57 5.0 
a- Methyl! styrene Male 2 49 
Vinyl toluene Male 42 40 


It is evident that the alkylated benzenes 
are low in acute oral toxicity, the approxi 
mate |.. D.so values ranging from 1.2 to 
7.0 gm. per kilogram of body weight. 

When the rats were autopsied, slight liver 
changes and, in some instances, some kidney 


4 
wk 
a 
a 
j 
4 
& 
4 
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Paste 3—Summary 


Mater'al 


Benzene 


Poluene 


Ethyl benzene 


lsopropyl benzene 


tyrene 


*L=liver 
kidney 
(i=growth depre 


Dose, 
Mg./ K¢./ Day 


lon 


involvement of questionable significance: 


were observed. Lsopropyl benzene appeared 


to cause some irritation to the stomach and 


intestine. 


2. Repeated Doses: The 


results of re 


peated feeding by intubation of benzene, 


TaBLe 4.—Irritation and Injury to Rabbits’ Skin 
Caused by Repeated Application f 


Undiluted Materia 


Materia Irritation® 
Benzene “light to moderate 
Toluene Slight to moderate 
X ylene Moderate to marked 
Ethyl benzene Moderate 
Diethyl! henzene Moderate 


Isopropyl! henzene Moderate 


Styrene Moderate 
a-Methy! styrene Moderate to marked 
Vinyl toluene Slight to moderate 


* The degrees of irritation are 
slight = perceptible erythema only 
moderate = definite erythema 


marked =cherry-red erythema similar to that caused t 


a good sunburn 


t The degrees of necrosis are 
shight=development of a thin layer 


Necrosist 


Moderate 
“light 
Moderate 
Moderate 
slight 
Slight 
Slight 
Slight 


Moderate 


of devitalized tissue 


which resulted in exfoliation 
moderate =development of edema and superfictal necro 
sis; this resulted in a “chapped” appearance 


and exfoliation of large patches of skin 
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Repeated Oral Feedina to Female Rats 


Experimental 
Feedings, Period E ffects* 
No Day 
a2 js? No effect 
$2 Very slight ucepentia 
1a2 Leucopenta ind =erythro 
cytopenta 
32 Leucopenia and erythro 
eytopenta 
13s No effect 
No effect 
193 No effect 
» No effect 
130 No effect 
Lw+ and Kw+; Lp+ and 
K p+ 
Lw+ and Kw+; Lp+ and 
Kp+ 
4 iv No effect 
iw Kw+ 
132 15 No effect 
142 No effeet 
Is ‘i++; Lw++ and 
pel tLopat y 
geht effect 
tnhoderute effect 
toluene ethyl benzene Isopropyl benzene, 


and styrene are given in Table 3 

The results show that benzene is 100 
times more toxic than the other materials 
by this route Poluene is the least toxic, 
with a “no effect” level greater than 590 
mg. per kilogram of body weight per day 
benzene, isopropyl benzene, and 
‘Ivrene are intermediate in degree of tox 
wity 

It is significant that benzene was the 
only material that affected the hemapoietic 
system. Of the other materials, only ethyl 
benzene caused histopathological changes 
These were slight in nature and were char 
acterized by cloudy swelling of the paren 
chymal cells of the liver and cloudy swelling 
of the tubular epithelium in the kidney. The 
rest of the materials tested caused significant 
increases in the average weights of the 
liver and/or kidney only 

Skin Contact-—Irritation and Ahsorp 
tion-—Table 4 is a summary of the results 
obtained from skin contact to rabbits of 


benzene and some alkvlated benzenes 


9) 


pe 
40s 
find) 
— 6.7 
143 
1 


Taste 5 


Material 


Benzene 

‘Toluene 

Xylene 

Ethyl benzene 
Diethyl! benzene 
lsopropy! benzene 
Styrene 

@ Methy! styrene 


Viny! toluene 


A.M 


Irritation and Injury to the Eyes of Rabbits Caused by Contact with 
Undiluted Materials 


Kye Kesponse 


Conjunctival Irritation*® 


*The degrees of irritation were defined as follows 
slight perceptible irritation of the conjunctival membranes 


Corneal Injuryt 


M oderate Very slight, transient 
Slight None 

Slight Very slight, transient 
Slight None 

Slight None 

Slight None 

Moderate Slight, transient 
Slight None 

Slight | None 
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moderate inflammation and slight swelling of the eyelids 


+The degrees of corneal injury were defined as follows 


very slight= questionable or just perceptible superficial necrosis in very small areas of the cornea 
slight perceptible superficial necrosis involving less then 50% of the cornea 
moderate= definite superficial necrosis over more than 50% of the cornea 


It is evident that all these materials cause 
a similar type of response when in contact 
with the rabbit's skin. This is characterized 
by more or less reddening, accompanied by 
varying degrees of exfoliation. Benzene, 
xylene, ethyl benzene, and vinyl toluene 
caused blistering, particularly when con 
fined 

As judged by the gross appearance, be 
havior, and body weight of rabbits during 
the skin-irritation tests, there was no indi 


Pane 6 


cation that any of these materials were ab 
sorbed through the skin in acutely toxic 
amounts. 

C. Eye The responses of rab 
bits’ eyes to benzene and the alkylated ben 
zenes 


Contact 
summarized in Table 5. 

DD). Vapor Inhalation 
sures to Laboratory Animals: 


are 
Repeated expo 
Rats, rabbits, 
guinea pigs, and monkeys, in some cases, 
were exposed for seven to eight hours per 
day, five days a week for up to six months 


Results of Repeated Vapor Inhalation Studies on Animals Exposed to 


Ben Tene 


Animal Average Vapor 7-He Duration of 
Species Concentrations, Sex Exposures, Experiment, F flects* 
Me./L No Days 
Kat 6400 M 110 119 Nar++; G+++; Bp+ M+++4 
6,000 M Nar++, G++; Tw++ Lp+ 8p+ Bp++4+ M++4 
4,400 “4 M 3s Nar++; Sp+ Bp+ M+ 
2,200 7 M 144 212 Nar+; (G4 Sp+ Bp+ Bip+ 
02% Hoth 16 204 swe Bip+ 
Guinea 
pig M 104 +; Sw+ Tw+ Bp+ Bip+ 
M 24 $2 Bip+ 
Rabbit 0.26 M 175 243 Kp+ Tp+ Bip+ 


*Nare narcosis 
(Gi=growth depression 
we weight 

histopathology 
Loliver 

K = kidney 

Be bone marrow 
spleen 

testes 

Hl= blood 

M «mortality 


392 


rhe intensity of response 
+ = questionable 


+ slight 
++ moderate 
+++ ~severe 


is noted as follows 


| 
“4 
bh 
& 
7 
i 
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TABLE 


/ 


Re 


sults of Repeated Inhalation 


ALKY 


Lthyl Benzene 


TED BENZENES 


Studies on 


Intmals 


kaxposed to 


Anima! Average Vapor 7-Hr Duration of 
Species Concentrations, Bex Exposures, Experiments, E flects* 
Ppm Mg./L No Yay 
Kat 220 O45 M 10% “4 G++ Lw+ Kw++ Lp+ Kp+ 
1.250 ‘4 Both (i+ Lw+ Kp4 
moO 24 Both 130 Lw+ Kw+ 
Both 140 Lw+ Kw+ 
Guinea 
pie 1,250 54 148 214 G4 
Both 130 int Lw+ 
4000 O17 Both 130 In No effect 
Rabbit 1250 5.4 F 13m 24 
wo 17 Both 130 ime No effect 
Khesus 
monkey 246 Both 130 Lw+ I'p+ 
17 140 No effect 
*G=growth depression The intensity of response is noted as follows 
w= weight t questionable 
histopathology 
veliver + =slight 
Ke kidney 
l= testes + + = moderate 


to benzene, ethyl benzene, styrene, a-methyl alkylated benzenes tested by repeated vapor 


styrene, and vinyl toluene. The data are inhalation caused this effect upon the cellular 

given in Tables 6, 7, 8, 9, and 10 and are elements of the blood 

summarized in Table 11 The data for benzene, as given in Table 
It is evident that benzene, when given 6, show that at the 80 to 88 ppm level indi 


by repeated inhalation, was the most toxic cations of damage characterized by leuco 


erage 
and 


material of those tested by a factor of 5 
to & 
causing the effects typical of this group of 


petTila, nerease 


the 
histopathological 


weights of 


Furthermore, benzene, in addition to spleen testes 


changes in the bone marrow and testes were 


materials, caused a leucopenia None of the found in the rat guinea pig, and/or the 
Paste &—Results of Repeated Vapor Inhalation Studies on Animals | rposed t 
yiyrene 
Animal Average Vapor 7-H Duration of 
Species Concentrations, xposure Experiment flects* 
Ppm Ne Day 
Kat 2000 9.3 Bot! Ww 14s Eye and nasal irritation G44 
1.300 6.06.4 Both 140 Kye and nasal irritation 
(iulnea 
pie 2.000 93 Both Ys 14 F ye and nasal irritation G44 
1.200 6.04.3 Both 10 214 Eye and nasal irritation G4 
650 40 Bot! No effect 
Rabbit 2,000 Both 126 No effeet 
1,300 60-64 Both 24 No effect 
Rhesus 
monkey 1,200 6.04.3 Hoth No effect 


*Gi=growth depression 
+ =slight 
++ = moderate 
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Taste 9—Results of Repeated Vapor Inhalation on Animals L:xposed to a-Meth 
Animal Average Vapor Duration of 
pec Concentration x xpusures, Eflects* 
Ppm No, Juys 

Kat 3,000 Both 44 44 
Bott 4m G+; Lw+; Kw+ 
200 Bott 212 Lw+; Kw+ 
20 091 Both 139 197 No effect 

fiuinesa 

pig 4,000 14.49 Both a4 a4 M++4 

3.66 Both 27 G+; Lw+; Kw+ 
600 2.90 Both “4 212 Lw+ 
0.97 Both iv? No effect 

Kabbit 2.90 Both 152 212 
200 0.97 Both No effect 

monkey 00 2.00 212 No effect 
20 0.97 Both iv? No effect 
*(i« growth depression The intensity of response is noted as follows 
we weight 
p= h stopathology +=slight 
L=liver + + om oderate 
kidney ++ + severe 


M = mortality 
rabbit. This indicates that this level should monkeys were not affected, as judged by any 
not be considered as that of minimal effects of the criteria considered. It would seem 
and that the level safe for repeated vapor probable, therefore, that this level sheuld 
exposure of human subjects is well below 
80 ppm. 

rom Table 7 it can be seen that the re 
peated inhalation of approximately 400 ppm 
of ethyl benzene caused only a slight in At higher concentrations histopathological 


crease in average liver and kidney weights examination demonstrated effects on liver, 


be considered to be that level which causes 
at most only a minimal effect in any of the 


animals tested. 


in the rats. The guinea pigs, rabbits, and kidney, and testes. These may be char 


Pane 10.—Results of Repeated Vapor Inhalation on Animals [Exposed to Vinyl 


Toluene 
Average Vapor THr Duration of 
Animal Concentrations, Sex Expocures, Experiment, Effects* 
“pecie Ppm Mz./L No Days 
Kat 1380 6.52 Both 92-100 G++ Lw++ M44 
1,130 5.44 Both 92-100 130 G++ Lw- Lp 
280 Both 92-100 149 No effect 
Ciuines ply 6.52 Hoth 92-100 139 G+; Kwt Lwe Lp+ 
1,140 4.43 Hoth W2-100 149 G+; Lp 
Both 92-100 130 No effect 
Rabbit. 1,340 4.52 Both 47-100 130 Kwa Lp 
1,190 545 Roth 92-100 139 
Ano 280 Both 92-100 130 No effect 
Khesus monkey 6.52 92-100 149 No effect 
1,190 92-100 No effect 
*(ie growth depression The intensity of response is noted as follows 
we weight += questionable 
y= histopathology +=~slight 
+ +=moderate 
K kidney 


M = mortality 
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ompart 


Animal 
Species 


Tested 


Mater 


rt Rat 


Guinea 


y! benzene 
pe 
Rabbit 

Rat 
Guinea 


ple 
Rabbit 


Methyl Rat 
Ciuines 
ple 


Monkey 


tyrene 


\ Rat st) 
(iuinea 
ple 


Monkey 


ny! toluene 


Ke bone 
w= weight 
p= histopathology 


a= growth de pression 
K kidney 

Respleen 

= testes 


acterized by cloudy swelling in the liver, by 
cloudy swelling of the tubular epithelium in 


the kidney, and by degeneration of the 
germinal epithelium in the testes 
rom Table 10 it can be seen that at 


1350 and 1130 ppm vinyl toluene caused 
liver histopathology which was characterized 
by fatty degeneration in the midzonal and 
central cells of the liver lobule 

2, Odor 


2 Irritation 
Human Subjects: 


and 
The results of the limited 
experimental studies on styrene, a-methy! 
styrene, and vinyl toluene employing human 
subjects are summarized in Table 12 

12 


TABLE Results 


Type and Degree of Response 


Very strong odor; strong eye and nasal irritation 
Objectionably strong odor 

strong oder but tolerated w thout excessive discomfort 
Detectable odor but no irritation 


Ovtor notdetectable 


"No effect” concentration as determined by animal experiment 


ALKYLATED BENZENES 


lation Studies Imimals 


Benson 


tpor Inh on 


7] 


Beginning 
Effect Level 


E ffects* 


rpm 


Leuct 


400 I 


( ind nasal Irritation 


M+ 


190 


Ihe intensity of response ls noted follows 


= questionable 
Nght 
moderate 


++ 


It is evident that the “comfort” level of 
exposure to humans is well below the “no 
effect” level as determined by animal ex 


periments 
V. Comment 


A. Nature of Physiological Responses 
It is evident from both the repeated oral 
and vapor inhalation experiments that ben 
zene at low levels affects the hemapoietic 
system of rats, rabbits, and guinea pigs, re 
sulting in leucopenia. This effect 
of the other alkylated ben 


was not 


shown by any 


zenes studied, emphasizing a very important 


of Limited Human Exposures 


a Methyl Vinyl 
4tyrene “tyrene Toluene, 
Ppm Ppm Ppm 


0 or more 0) of more 40) of more 


20 to 400 
in 

Les than Less than Laes than 
10 10 10 


of Results of Repeated | 
ng 
“Level, 
Guinea sell below G4 Kw+ Sw+ Twe 
pig 
Kabt 
ibly 
ibout 200 5 
— 
‘ 
- 
= 


A 


difference of toxic effect. This finding ts in 
accord with those of the majority of the 
published investigations, as summarized by 
srowning.” 

In addition to its effect upon the hema 
poietic system, benzene also produced evi 
ettects 
increased average weights of spleen and 


dence of ill characterized — by 
kidney and degeneration of seminiferous 
the The alkylated ben 
zenes produced the 
weights of the kidney and/or the liver as 
well as histopathologic changes in these 


tubules of testes 


increases in average 


organs at higher concentrations; however, 
it should be pointed out that benzene pro 
duced toxic effects at a lower concentration 
than the other materials, Benzene was found 
to be markedly more toxic by repeated in 
and than 


halation any of the 


ingestion 
alkylated benzenes. These findings agree 
with the conclusions of Henderson and Hag 
In the 
literature the relative toxicity of benzene 
Probably there 


gard, as quoted by Browning *: 


and toluene is uncertain 


are no great differences in (acute) toxicity 
Toluene is less active than benzene 

in causing chronic poisoning.” 
The repeated oral data on toluene, ethyl 
benzene, isopropyl benzene, and styrene 


demonstrate that the latter three materials 
are similar in degree of toxicity, whereas 
toluene was found to have a lower “no 
effect” level 

The similarity in degree and type of 
toxicity is also seen in the repeated vapor 
inhalation studies, The data show that with 
ethyl benzene, styrene, a-methyl styrene, and 
vinyl toluene there is only a threefold dif 


ference in “no effect’ level of toxicity be 


tween the one most toxic and the one 
least toxic. 
The results of studies upon skin and 


eyes of benzene and the alkylated benzenes 
show that, except for minor differences, all 
these materials are similar in degree and 
type of effect. Although the data presented 
show that absorption was not apparent, 
various reviews # indicate that absorption 


# References 5, 6, 8, 11, 21-23. 
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of toxic amounts may occur where ex 
posures involve large areas of skin for pro 
longed periods of time. This conclusion is 
based, for the most part, on observed human 
experience. While this may be true, it would 
seem that, if such gross exposure to the 


skin 


occurs, the likelihood that toxic 
amounts of vapors would be inhaled is ap 
preciable. Thus, it may be questioned 


whether the effects attributed to absorption 
through the skin were, in fact, caused by 
skin contact.® Furthermore, the significance 
of absorption through the skin in practical 
applications would seem to be minimal. This 
view is supported by the recent work of 
Conea and Maltagliati’® who were unable 
to detect signs of benzene absorption. 

Handling Precautions.—The 


handling 


precau 


tionary measures for toluene, 
xylene, styrene, and, to a slighter degree, 
isopropyl benzene are well described in the 
literature.* 


alkylated 


handled while observing the same precau 


It is proposed that the other 
benzenes considered herein be 
tions, This proposal is based upon the sim 
ilarity of toxic action of these alkylated 
benzenes 

Benzene, because of its greater toxicity 
and the seriousness of the consequences of 
overexposure, requires more stringent 
handling precautions than the alkylated ben 
zenes, particularly as they relate to vapor 
inhalation. 

The 
philosophy of Industrial Hygiene Standards 


C. Industrial Hygiene Standards 


has been discussed in a previous publica 
tion? from this laboratory. The Industrial 
Hygiene Standard may be defined as that 
concentration below which practically all 
analytical results must fall when air samples 
are taken intermittently in representative 
work locations throughout the whole work 
day. short 


higher concentrations is made by means of 


Allowance for exposures to 
the personal judgment of the qualified in 
dustrial hygienist. 

* References 11 and 19-23, 

t References 5 and 6. 
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Threshold Limit Values for 1955,° sug 


gested by the American Conference of 
Governmental Industrial Hygienists, are as 
follows: benzene, 35 ppm; toluene, 200 
ppm; xylene, 200 ppm; ethyl benzene, 200 
ppm, and styrene, 200 ppm 

In view of the results of toxicological 
studies on animals, together with the results 
of experiments with human subjects, it ts 
probable that vapor concentrations of sty 
rene, a-methyl styrene, and vinyl toluene, 
which will voluntarily be tolerated by most 
persons, will not cause adverse 
effects. 


rials are definitely disagreeable at concen 


system 
Secause the vapors of these mat 
trations well below the levels capable of 
causing adverse systemic effects, there is 
little, if any, need for an Industrial Hygiene 
Standard based upon a céncentration not 
likely to cause toxic effects. However, if 
such a standard is established, it is believed 
that a value of 400 ppm for styrene and 
vinyl toluene and 200 ppm for a-methy!l 
styrene would be appropriate. In order to 
avoid complaints of disagreeable odor inten 
sities and eye and nose irritation, it may be 
necessary to maintain the concentration of 
styrene, a-methyl styrene, and vinyl toluene 


at 100 ppm or less. 


VI. Summary and Conclusions 


Studies on rats have shown that benzene, 
toluene, xylene, ethyl benzene, diethyl ben 
zene, isopropyl benzene, styrene, a-methy! 
styrene, and vinyl toluene have low acute 
oral toxicities. The calculated L.. D.so values 
fall between 1.2 and 7.0 gm. per kilogram 
of body weight, with diethyl benzene being 
the most and toluene being the least toxic 

experiments on rabbits have demon 
that 
alkylated benzenes caused slight to moderate 


skin 


strated benzene and the above-named 


irritation of the and were not ab 


sorbed through the skin in acutely toxic 
amounts. 
These materials were shown to cause 


slight to moderate irritation and only tran 


sient corneal injury when tested on the 


eyes of rabbits 


BI 


VZi NES 


Female rats fed 1 mg. per kilogram per 
day of benzene, 590 mg. per kilogram per 
day of toluene, 136 mg. per kilogram pet 
day of ethyl benzene, 154 mg. per kilogram 
pel day of isopropyl benzene, or 133 mg 
per kilogram per day of styrene by intu 
bation for periods up to six months ex 


hibited no evidence of ill 


ettects as 


determined by gross appearance, growth, 
periodic blood counts, analysis for blood 
urea N, organ 


weights, histopathological examinations, and 


average final body and 


bone marrow counts 
Groups of rats, guinea pigs, rabbits, and 


monkeys were subjected to repeated seven 


to eight-hour daily vapor exposures, five 
days a week for periods of up to six 
months. Styrene at 650 ppm, a-methyl 
styrene at 200 ppm, and vinyl toluene at 


580 ppm were without ill effects, as judged 
by the eriteria listed for the repeated oral 
Benzene 


studies was 


feeding shown to 
cause mild leucopenia and splenic and testic 
ular degeneration in the test animals when 
exposed repeatedly to 80 to 88 ppm. Ethyl 
benzene at 400 ppm caused a slight inc rease 


in the 


average weight of the kidneys and 


livers of rats 

I xperimental data are given to show that 
benzene was the only material that affected 
the hemapoietic system 


Industrial Hygiene Standards are dis 
cussed and defined 


that 


Based upon toxicity, it 
400 


styrene and vinyl toluene and 200 ppm for 


is. believed values of 


ppm for 


a-methyl styrene would be appropriate 
experiments and experience with human 
subjects have shown that vapor concentra 


trons suggested above are distinetly dis 


agreeable to most persons In order to 
avoid complaints of disagreeable odor or 
eye and nasal irritation, it may be neces 
sary to maintain the vapor concentrations of 


styrene, a-methyl styrene, and vinyl toluene 


at 100 ppm or less 
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th African Min es 


W. B. HARRIS, New York 


Dr. Roy Albert, Duncan Holaday, and 
| have recently returned from a six weeks’ 
stay in South Africa. During that time we 
were able to visit several of the gold mines, 
one copper mine, and one uranium min 
The gold mines were in the Union of South 
Africa, and the other two in the Belgian 
Congo. 

In the Union of South Africa we spent 
considerable time with the Silicosis Research 
sureau people in the Office of the Govern- 
ment Mining Engineer (our equivalent of 
the industrial hygiene personnel in the U.S 
3ureau of Mines). We also discussed the 
matter of silicosis control with the labora 
tory personnel of the Chamber of Mines 
The Chamber of Mines is the industry 
group having responsibility for silicosis tas 
ard evaluation and control. The following 
will summarize my impressions of their 
silicosis program 

The standard instrument for dust samp- 
ling in the South African gold mines is 
the konimeter. This, of course, has been 
the case for many decades. Over the past 
20 years there have been several refinements 
in technique which have tended somewhat 
to change the results, but their people be 
lieve that the exposures have changed very 
little. The present procedure involves in 
cineration of the slides after sampling, to 
remove solid and liquid organic material 
from the sample, and acid leaching of the 
sample, to remove insoluble salts which are 
made air-borne by the evaporation of drill 
coolant water. The water which is fed to 


the bit of the drill is very hard, and when 
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the droplets evaporate, a measurable number 
of solid particles remain in the atmosphere 
These have been found to show up om the 
counts 

The presumption is that these two steps 
in the sample preparation procedure remove 
none of the mineral content of the sample 
but leave a sample containing only mineral. 
Several procedures were described to us 
which were intended to verify this presump 
tion. They appeared very reasonable 

The samples are generally not counted 
but are measured by means of a calibrated 
the 
entire ribbon deposited by the konimeter jet. 


transmission densitometer which views 
This method of sampling and evaluation is 
calibrated rechecked 


means of thermal precipitator samples, and 


and frequently by 
the correlation of the results appears to be 
excellent. The thermal precipitator samples 
are counted by an optical microscope, with 
the use of a 1000 power oil-immersion ob 
jective and either dark-field or phase con 
trast. 

Company engineers take routine samples 
in each mine. These are checked by person 
nel of the Chamber of Mines’ laboratory 
group also by from the 


and inspectors 


Silicosis Research Bureau, The inspectors 
visit each working heading at least four 
times each year. The maximum permissible 
dust level in the working stopes is 250 par 
ticles per cubic centimeter, or approximately 
7,000,000 particles per cubic foot. This ts 
for rock which is highly siliceous and com 
parable with that in which we would hold 
to 5,000,000 particles per cubie foot 
trol of the 


allowable concentration is almost universal, 


(on 


dust to very near maximum 


with practically all samples being below 
twice the permissible level 


All the drills are operated wet 


ind must 
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be approved by the Silicosis Kesearch Bu 
reau, The approval is similar to that which 


is used in New York State, with the addi 


tional restriction that the drill is tested 
finally in a small sealed underground room 
ventilated only by the drill exhaust. The 


air must reach equilibrium at less than 400 
particles per cubic centimeter (about 10, 
000,000 particles per cubic foot). This test, 
by the way, is run at full air pressure but 
with a water pressure of only 20 Ib. 

ventilation 
used throughout all the mines. 


knormous quantities of are 
the 
would that 


the average rate of ventilation for each of 


rom 
data | was given | estimate 
the 57 Witwatersrand gold mines is of the 
order of 1,000,000 ¢. f 


average quantity of ait 


m, per mine, , The 
which is used. is 
about eight tons of air per ton of ore, The 
average depth of these mines ts something 
5000 ft. As a 
distance which this air travels is generally 
of the order of 
underground 


more than result the usual 


about four to five miles 
Many of the main airways 
have air velocities in the neighborhood of 
2000 ft. per minute 

At present the average delay time before 
the onset of silicosis is about 22 years. This 
is significantly longer than it has been in 
the past Silicosis is diagnosed either on the 
basis of x-ray findings or on clinical dis 
ability. The matter of pulmonary disability 
without positive findings of silicosis 1s still 
under discussion, but this should be resolved 
soon, The silicosis rates among these miners 
are about as follows 


the 
2%; 


Among the 15-year 


workers rate is about 17; 20-year 


workers, those with 25 years of sery 
ice, 89, and 30-year workers, 10%, with an 
over-all average among those working at 
any one’ time of about 6%. According to 
our information there has been no signifi 
cant change in dust concentrations undet 
ground over the past 25 years, so that the 
25-year workers are believed to have been 
the 
above (between 200 and 400 particles per 


exposed to concentrations described 


cubie centimeter ) 
The personnel of the Chamber of Mines’ 
laboratory are an alert and evidently com 
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petent group and have developed several 
interesting pieces of equipment. The den 
sitometer for measuring particle concentra 
tion is of their own design and fabrication 
They have also devised two interesting and 
unique thermal precipitators; each of them 
is operated from a bellows pump, driven 
by a spring clock motor. One of them takes 
15 samples on a standard microscope slide, 
each sample being for 20 minutes. The unit 
is designed to be powered by a cap-lamp 
battery, 

The other device is for a 24-hour sample 
In this case the slide is drawn across the 
hot wire in a long-cycle reciprocal motion, 
taking about 20 minutes for a full traverse 
At the end of the traverse it is tripped for 
a quick return. This gives a spread-out 
sample similar to that obtained in the oscil 
lating thermal precipitator. This device, too, 
gets all its electric power from a cap-lamp 
battery. Both devices operate at an air-flow 
rate of about 10 cc. per minute. 
that the 
procedures which are followed by the South 


There is no reason to believe 
African laboratories are not as accurate as 
they described them, If the konimeter count 
ing is based on a calibration taken from a 
thermal precipitator sample counted at 1000 
magnification in a dark field, it is almost 
certain that the amount of dust that they 
see is very much greater than the amount 
of dust the the 
impinger and the standard light-field count 
ing techniques. 


that we see with use of 
In the first place, whereas 
the impinger cuts off at about O.5y, the 
thermal precipitator 
particles of O.Olp. Whereas our counting 
procedure cuts off above O.8y, theirs prob 
ably is quite accurate down to about 0.2 


will readily sample 


Inasmuch as there appears to be consider 
able 


are especially 


evidence that the very fine particles 
important in the production 
of silicosis, it would seem that their method 
of evaluation recognizes at least 10 times as 
many of the significant dust particles as 
does our procedure, and therefore, on the 
basis of our technique, the permissible level 
which they use is of the order of 1,000,000 


particles per cubic foot. If this is the Case, 


4 
4 
a 


DUST CONTROL IN SOUTH AFRICAN 
and | strongly believe that it is, the South 
Africans dust 1,000,000 
particles per cubic foot in rock which is 


have a level of 
90% silica and are producing silicosis at a 
rate of about 10% in employees with about 
30 years of service the 
experience which they have gathered, it 
would 


On the basis of 


seem desirable to reexamine our 
our tech 
niques for the evaluation of the potential 
hazard. We might find that we are 


doing as careful a job as we would like 


American silicosis records and 


not 


We visited the Kipushi copper mine, in 


the 


Jelgian Congo, and there the 


sodium chloride aerosolization 


originally 
devised by Dautrebande. The equipment 
consists of a group of aerosol generators in 
parallel (5-10), which blow a cloud of dry 
sodium chloride crystals into the main in 
take airway. The theory behind this is 
that under the high humidity mine condi 
tions the aerosol particles will tend to grow 
into a water droplet and coalesce, gathering 
many of the smaller dust particles into the 
drop. When these droplets increase above 
a size of about 3p to 5p, they tend to fall 
out rapidly and also resist penetration be 
yond the nasal passages. 

The procedure presents some difficulties 
In the first place there ts some tendency 
for the mine atmosphere to be somewhat 
foggier with the introduction of the aerosol 
than without it. It was pretty obvious that 
this was not a clear mine; however, only in 
some cases was visibility noticeably ob 
scured, and then not nearly so badly as | 


VINES 


have seen it in many underground opera 
tions. Another difficulty involves the evalu 
ation of the degree of reduction in dust 
concentration, This is complicated by the 
fact that, by and large, the dust is not 
removed from the air but merely gathered 
into larger particles. The method which ts 
followed in determining the degree of re 
duction involves the use of two simultane 
ously sampling thermal precipitators. One 
of these operates normally, and the other has 
a tube on its air intake, 9 em. in length and 


1 cm. in diameter. This is a 


miniature 
settling chamber and has been so designed 
that particles greater than 2.74 in diameter 
entering at the uppermost point of the in 
take will have 


below 


a trajectory that carries them 
a predetermined line on the vertical 
The rib 
bons are then counted, always at the same 
this 


line (this is the center of the mbbon). The 


ribbon which 1s being deposited 


place in a strip just above theoretical 


two counts are then matched, and the dif 


ference taken to be the reduction in dust 
concentration 
The statistical data to prove this, which 


we saw, although meager, appeared to be 


reasonably reliable. It has been estimated 


that the dust 


aerosolization decreases 


con 
centration by about 300% 

\t Kipushi one man was used to main 
tain the aerosol generator equipment and the 
salt solutions 
be rehable 


serious problems 


The equipment appeared to 


in operation and presented no 


as 
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“HEALTHMOBILE” HELPS SPEED 
ATLANTA PROGRAM 


The Industrial Health Council of Greater 
Atlanta, In 
goal of examining 20,000 employees in a 


, is rolling toward its first-year 


mass attack on disease in the Atlanta area. 

The program is literally rolling, since a 
majority of the 
done in the 35 ft. “Healthmobile” operated 
by the nonprofit council with the support of 


examinations have been 


Atlanta Industry, labor unions, and profes- 
sional groups. 

The Healthmobile is a physical examina- 
tion suite on wheels. A small notice on the 
side of the gleaming truck gives some of 
its history. The sign reads: “This Health 
mobile Donated in Human Service by the 
Bank of Georgia, Relieving That the Wealth 
of a Community Lies in Its People but in 
the Knowledge That Without Health There 


Can Be No Wealth.” 


The mobile unit brings facilities for tak- 
ing x-ray pictures (Fig. 3), for urinalysis 
checking, for taking blood pressure (lig. 
4), for selected serologic and chemical blood 
tests (Fig. 5), for eye examinations (Tig. 
6), and for other routine physical examina 
tions to the doors of participating businesses 
and industries. 

The Healthmobile is staffed by five med 
ical technicians. If a test reveals the need 


for medical care, a recheck is made to 
verify the original findings. Then the em 
ployee is referred to his private physician 
for further diagnosis and treatment. The 
staff of the Health Council does the follow 
up work to see that employees seek neces 
sary medical care from physicians of their 
choice 


ach participating employer pays $5 per 


Fig. 1—The 35 ft 
Healthmobile of the In 
dustrial Health 
of Greater Atlanta, Inc., 
bring 


Council 


medical 
to the 


can ex- 
facilities 
any 
industry, In its 
year of 


amining 
doors of 
Atlanta 
first 
the 


Greater 


operation 
expects to 
complete 20,000 examina- 
tions, 


council 


or 
402 


MCUPATIONAL 
big 2 The compact 

desien of the Healtl 

mobhile’s imterior permits 

the imultaneous exami 


nation of a number of 


pur ple 


Weight, 


height, and a chest 
taken at the start of the examination 


hig. 3 X-ray are 


year pel employee to cover the cost of the 
examimation program. The employee pays 
for any medical care that may be found 


Phe 


emplovee selects his own physician, and the 


necessary as a result of examination 


results of any Healthmobile tests are turned 
over to that physician 

\ report on a typical group of 2087 em 
plovees examined at the Elealthmobile dis 
closed that 1225 of the group had indications 
of one or more conditions needing medical 


attention 


hig. 4.—A 


pressure 


technician takes a worker's blood 
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A breakdown of the examination results 
showed that 742 persons had defective eye 
sight, 328 were overweight, 135 had evidences 
of anemia, 113 required further examina 
104 
because of 


films, 59 


tion because of high blood pressure, 


required further examination 


abnormalities in their chest x-ray 


‘ 


Fig. 6—Eye examinations reveal possible need 
for glasses or other corrective treatment 
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Fig. 5.—Blood is drawn 


for serologic and other 


selected laboratory tests 


showed positive reactions to serologic tests 
for syphilis, 20 showed abnormally high 
blood sugars, indicating diabetes, and 15 
showed abnormally high albumin in’ the 
urine, indicating a need for additional test 
ing 

The handling of the chest x-rays is typical 
of the operation of the Healthmobile and 
the council's program. Each employee's film 
is read twice, independently, by two widely 
known Atlanta radiologists. If anything 
suspicious is noted on a film, the employee 
is advised to get in touch with his physician. 
The the by the 


radiologists are then made available to the 


film and interpretation 
physician, 

The Healthmobile is part of the council’s 
twofold health in 
The other 
part of the program, receiving equal empha 


program to promote 


Atlanta’s business and industries. 


sis, is health education. 

To promote health through education, the 
council supplies  bulletin-board material, 
pamphlets, and an industrial newsletter to 
help people in industry become more con 
scious of health maintenance and its impor- 


lance, 
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EMPLOYEE HEALTH BENEFIT 


PROGRAMS 


I. Growth and Coverage 


L:mployee health 
portant factor m the 


are thus an 


benefit plans are an wm 

health of employees 
tmportant part of 
health, Total expenditures for these plans ea 
ceed by times the spent for 
in-plant health services or those spent for medi 


and 


occupational 


many agqreqate 


cal care under workmen's compensation. This 
is the first part of an article describing th 
growth, extent, and administration of — these 
plans. The second and concluding part will 


appear in November. Dr. Lows S. Reed, the 
author, has been associated with the field of 
health economics and prepayment health plans 
for more than 25 
1955-19506, 
Health 
for the 
Pension 


months m 
Publu 
served as Research Director 
Welfare 


welfare 


years. kor 10 


while on from the 
Service, he 


Senate Subcommittee on and 


Funds im tuts study of and 


pension plans 

Employee health benefit: programs, which 
make available to employees hospital, sur 
gical, and medical insurance or directly pro 
vide these services, have become widespread 
in this country. At present such programs 
make some type of health service protection 
available to over 31,000,000 employees and 
44,000,000 of their dependents, and more 
than 60% of all employees in the United 
states are 


now their beneficiaries 


Development and Growth 


Up until the early 1930's employee health 
benefit programs were of little importance, 
the number of workers and their dependents 
entitled to health services through such pro 
grams being relatively small. lor the most 
part the programs existing in 1930 consisted 
of those plans for direct provision of health 
services which a few employers had devel 
oped for their own employees, either because 
of unusual circumstances 


for the 


because of 


unusual concern welfare of em 


ployees. A majority of these plans were 
found in the mining, railroad, lumber, and, 


to a less extent, the textile industries. Gen 


erally, the original motivating circumstances 


were that the 


company operated in rela 


lacked medical 
facilities and that the company had to build 


tively isolated area which 


a hospital and bring in physicians in ordet 


that the employees and their 


dependents 
could obtain medical care 


In a handful of places throughout the 
country, employee groups purchased health 
insurance from private group clinics. All 
told, in 1930 there were probably not more 


than 1,500,000 employees and smaller 
number of dep ndents covered under health 
service prepayment plans of 


one sort of 


another 

In the early 1930's hospitals, spurred in 
part by economic difficulties due to the de 
pression, began to take an 
rangements for 


interest in ar 
prepayment of hospital 
charges, and the early hospital service plans, 


which were the today's Blue 
Plans, These plans 
enrolled employee groups, with the role of 
the employer generally being limited to that 
of making the plan available and deducting 
the subscription costs from pay 


prec ursors of 


Cross were formed 


\ few years later medical service plans 
sponsored by medical societies began to be 
established, and these operated in the same 
way \t 1935, 


insurance companies began to offer group 
hospital expense insurance and a little lates 
group surgical expense policies 


about the same time, in 


In suceeed 
ing years the nonproht hospital and medical 


(Blue Cross-Blue Shield) 


grew at a rapid rate, and their growth was 


SCT VICE plans 


paralleled by that of group hospital, sur 
gical, and medical expense insurance offered 
by imsurance companies 

lable 1 presents the growth in number of 
persons Blue ¢ and those 


covered under group hospital expense poli 


covered by 


written by insurance companies 


lable 2 shows the increase in the number 


of employees and dependents of employer 
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Taste 1.—Growth of Group Hospital Expense 
Insurance and of Blue Cross Plans in the 
United States, 1935-1954 


Number of Persons with Hospital Protection 
Under 


Group Policies 
Issued by 


End of Insurance Blue Cross 
Year Companies* Planst 
38,000 214,000 
1940 1,800,000 6,012,000 
19465, 7,804,000 18,85 1,000 
22,405 ,000 37 451,000 
1961 2,663,000 35,42) 
1962 2 000 40,604 
175,000 42,864 000 
1954 35,090,000 44,20) 


* Almost all of these are em loyees and their dependent 
4 Includes individual as well a» group enrollment Ab ut 
three-fourths are employees enrolled in groups and their de 
pendent 
Source: Welfare and Pension Plan Investigation, Final Keport 
of Senate Committee on Labor and Public Welfare, 
Submitted by its Subcommittee on Welfare and 
Pension Funds, 4th Congress, Second Bession, 10, 
p. 14. 


covered for specific health benefits under 
employee health and welfare plans, 1935 
1954 

It should be realized that these health 
benefit programs are but one form of em- 
ployee benefit plan and that over the same 
period of time there was a rapid growth in 
all of these benefit programs. For example, 
the number of employees covered under 
group life insurance increased from 
5,000,000 in 1930 to 28,762,000 in 1954. 


Pane 2.—Employees and Dependents of Employees 
Covered for Health Benefits Under Employee 
Health and Welfare Plans, 1935-1954 * 


( Millions) 
of 
Year Hospitalization Surgical Medicul 
198! 2.0 
1940 0.5 3.4 2.0 
1045 248 9.4 3.2 
1946 31.7 14.8 4% 
19.7 6.5 
24 
ws 12.4 
1a 54.5 34.6 
10h) 22.2 
1wh2 4.7 77.9 
72.4 "2.1 M2 
16.6 613 38.5 


* Does not include employees and their dependents covered 
under individual (nongroup) health insurance policies 


Source’ Estimate based mainly on data in the annua! re 
ports of the Health Insurance Council on the extent 
of voluntary health insurance coveruge int! 
United States, the annual reports of the Life In 
surance Association of America on group insurance 
ind group annuity coverage, the annual Blue Cross 
and Blue Shield enrollment reports, and the vartcus 
reports of the Social Security Administration 
(forinerly Soctal Security oard) on extent of cover 
age under independent prepayment plans 
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The number of employees covered under 
private employee pension plans has in 
creased from 2,600,000 in 1935 to close to 
13,000,000 at present (1956). 

Underlying the development of all of 
these benefit programs are, of course, the 
basic need of people for protection against 
income loss and other costs arising from 
death, old age, disability, and illness and the 
fact that people can obtain such protection 
much more economically on a group rather 
than an individual basis. A special factor 
making for the growth of health benefit 
plans has been the advances in medical sci 
ence, which, while increasing the efficacy of 
medical care, have increased its costs and 
made it difficult for people to meet these 
costs except on a share-the-risk basis 

Among other chief factors contributing to 
the recent rapid development of employee 
benefit plans have been: (1) high corpora 
tion taxes during and since World War II, 
which have made it possible for employers 
to establish welfare and pension programs 
for their employees at low net cost in com- 
parison with the amount of benefits furn- 
ished to employees; (2) various court 
decisions which have held that welfare and 
pension programs are “bargainable’’ issues; 
(3) wage stabilization programs during 
World War II and the Korean War, which 
tended to hold wage rates down but per 
mitted increases to be made through the 
provision of welfare or pension programs, 
and (4) since 1948 the keen interest of labor 
unions in welfare and pension programs and 
their decision to achieve the benefits of 
these programs as an integral part of their 
wage policy. 


Present Extent of Employee Health 
Benefit Plans 


As-shown in Table 3, at the end of 1954 
approximately 31,000,000) employees and 
44,000,000 of their dependents were covered 
for hospitalization benefits under employee 
health benefit plans. Roughly 897 of these 
were also covered for surgical benefits, and 


51% were also covered for medical mam 
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in-hospital, benefits. The 31,000,000) em 
ployees covered for hospitalization benetits 
constituted about 59 of all the employees 
in the United States at that time. Approxi 
mately 406 of all employees and dependents 
health 


under collectively bargained programs 


covered for benefits are covered 


known, employees bear the total cost, and 
the role of the employer is restricted to that 
of making the plan available to his em 
plovees and providing payroll deduction, In 
some cases the employer pays part or all of 
the cost 


for the employee, and the employes 


pays for his dependents. [In other programs 


Taste 3.—Emplovees and Dependents Covered for Health Benefits Under 
Health and Welfare Plans, 1954 
( Millions) 
Type of Benefit and Carrier Potal 

Hospitalization “4 

Blue Cross and Blue Shield nw 

Insurance companies (group 

Other’ 
Surgical wo 67.4 

Blue Cross and Blue Shield 

Insurance companies (group 0 

Other*® 20 
Mertical ‘i 21 

Blue Cross and Blue Shield ov is 

Insurance companies (group 

Other* 2 
Major Medical (insurance compani« ” 

* Includes emple yer, emplover-union, and union direet service el-insured) programs, also, independent prepayment plan 
uch as the Health Insurance lan of Greater New York, Kaiser-Perminente pla id other 

Senate Subcommittee on Welfare and Pension Fund 


Fable 4 shows the employer and employes 


contributions to these health benefit plans 


particularly those union-negotiated, the em 


plover paves the full cost for both the em 


It is estimated that during 1954 employers — ployee and his dependents 
Spe $1.953,.000,000 f 
and employee pent $1,953,000,000 for 
these employee health benetit plans, of which Health Economist 
$662,000 000 represented employer contribu Occupational Health Progran 
tions and $1,291,000,000 came from em Public Health Service 
plovees. In some programs, as well. To by neluded in November issue) 
Taste 4.—Contributions Under Employee Health Benefit Plans, 1954 
Villton 
Type of Benefit and Carrier Kimnployer Employer 
Blue Cross and Blue Shield uns 2 tau 
Other “ 
Surgical and Medical 
Blue Cross and Blue Shield 
Insurance companies (group 212 
Other 0 ‘ 
we 


Thid., p. 
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LEAD POISONING 


An Unusual Case Report 


lead poisoning affecting a man and his 
wife in an Iastern city was traced to its 
source by a private physician working close 
ly with State and bederal occupational 
health laboratories 

The man, a professional worker, and his 
wife both became ill early in 1956, noticing 
similar symptoms of generalized aching, 
nausea, some yomiting, and gastric pains 
The wife was constipated, while the husband 
had some diarrhea 

These symptoms persisted for a little over 
a month when the husband became acutely 
il, was sent to the hospital, and an explora 
tory operation was performed. No specifi 
pathologic conditions were discovered, and 
he returned home. Six weeks later he was 
hospitalized again, and from a blood exam 
ination it was discovered that he could be 
suffering from lead poisoning 

An examination done on the blood and 
urine of the wife about the same time re 
vealed a similar condition. The wife was 
treated. She first showed improvement and 
returned home. A little more than a week 
after the first treatment she was readmitted, 
and therapy for lead poisoning was con 
tinued 

Both patients appeared to be making satis 
fax tory recovery 

jut what puzzled physicians the 
source of the lead poisoning. It was in this 
phase of the history that the occupational 
health laboratories entered the picture 

It was determined that no recent painting 
or plumbing repairs had been done in the 
patients’ apartment, situated in one of the 
desirable suburbs of the community; yet the 
lead source must have been one to which 
they were exposed simultaneously and to 
about the same degree 


The search for the lead source narrowed 
down to something with which both husband 
and wife had come into contact sometime 


during a period about a month before they 
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started showing lead poisoning symptoms 

It was recalled that in this critical period 
they had acquired eight brightly colored 
highball glasses from a store in their neigh 
borhood and had used the glasses routinely 
for both water and mixed alcoholic drinks 
The Figure shows two of the glasses. 


lurther investigation showed that the 


glasses had been used for highballs or sim 
ilar drinks three or four times a week and 
that two or three drinks were consumed at 
each oceasion, over a period of about an 
hour. If the glasses were responsible, then 
it was assumed that dilute grain alcohol 
stood in the glasses for about four hours 
a week 

Three consecutive tests were tried on new 
glasses, using a solution of 20% alcohol 
and a soft drink. The liquid was left in the 
glass for 15 minutes, then ashed with 
nitric acid and analyzed by the dithizone 
method 

The first test showed 11.0 mg. of lead 
per sample. The second test showed 7.0 
mg. of lead, and the third showed 3.0 mg 
of lead per sample. 

lhe firm which manufactured the glasses 
has submitted a list of consignees to whom 
the glasses have been shipped and State 
health directors of the States coneerned have 
been notified 
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Additional 


glasses at the Cincinnati laboratory of the 


tests are being done on the 


Occupational Health Program to check pos 


obse rved 


sible correlation between the amount of lead 


and the acute symptoms of the 


couple that became ill 


Northwest Poison Control Center 


Reports on Four Months of Work 


In its initial four months of operation the 
Pacific 
calls 
Miss 
in the Newsletter of 


first poison control center in_ the 


Northwest answered more than two 


a day, according to a summary by 
Angela Tonyan, K.N., 


the University of Washington Environ 


mental Research Laboratory. The center is 
in Seattle 

A total of 295 calls for assistance were 
received, Miss Tonyan told the committee 
in charge of the center, The largest group 
needing help, accounting for 162 calls, were 
children from 2 to 5 years of age 

Che substance most frequently swallowed 
was aspirin. A total of 35 calls involved 
this drug 

Miss 


under 2 


Tonyan noted that the children 


years of age, accounting for 64 
of the calls, usually swallowed those things 
that are kept in low cupboards, such as sho 


bleaches 


to 5-year-olds, with 


polish, cleaning compounds, and 


The older group of 2 


New Jersey Arranges 
Medical Field Trip 


Students at the Skin and Cancer U'nit, 


New York University Bellevue Medical 
Center, made first-hand observations on 
some problems of occupational dermatitis 


when their class, taught by Dr. Donald J 
Birmingham, Chief Dermatologist of 
Occupational Health Program, U.S. De 
partment of Health, Education, and Wel 
fare, visited two New Jersey factories as a 
part of their studies 


The factors visits to the Lionel ¢ Orpora 


their tendency to climb and explore, ate and 


drank things generally found on bureaus 


and im medicine chests, such as perfume 
aspirin, cough syrup, and lighter fluid. Only 
15 calls involved people over 14 years of 


age Below are listed the substances on 
which five or more calls were received 
Substance No. of Calls 
Aspirin $5 
Paints and paint removers 1S 
Bleaches and ammomia 12 
Cough syrup 1] 
Perfumes and cologne 10 
Nail-polish removers x 
C ind washing powders / 
Lax atives 


Shoe polisl 
Thyroid preparations 


\lthough a 


trom parents, 


calls (194) 


said that 


majority of the 
Miss 
65 physicians called the poison control cen 


calls 


carn Ponyan 


er for information. Thirty-six were 


sihed as to source 


tion, in Irvington, and the Iclastie Step Nut 
Corporation, in Union, arranged by 
Dr. Miriam Sachs, Chief of the Bureau of 
Adult and Occ upational Health, New Jer wy 


Le partment of Health 


were 


The students had the opportunity to. see 


olvents, plasties, cutting oils, and other sub 


stances that cause occupational dermatitis 
since the substances are used in manufac 
turing processes. At the same time the 
tudents had the chance to observe trious 


is 
hag 
é 
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methods of protecting employees agaist 
such hazards. 

The Lionel Corporation, best known as a 
manufacturer of scale-model electric trains 


also makes earphone sets and range-finding 


Students who took part in the all-day tour 
included Dr, rank Krosner, Camille Jour 
dain, Rita Chafkin, Melvin Cohen, Gerald 


Industrial Health And The 


Industrial health and preventive services 
apply the principles of preventive medicine 
to industrial conditions, taking advantage 
of the industrial organization. Vaccination, 
tuberculosis control, regular health examina 
tions, and health education are carried out 
in about the same way in industry as in the 
community, With the use of the facilities 
of the organization in industry it is, how- 
ever, often easier to organize an efficient 
health service in industry, for instance an 
industry with 2000 employees, than in a 
community with a sparse population of 2000 
inhabitants. Because of this, industrial 
health services sometimes serve as_ pilot 


instruments for the Armed lorces. The 
Irvington plant employs about 3000 men 
and women. The [lastic Stop Nut Corpora 
tion makes automatic locking fasteners and 


employs about 1000 men and women 


rolow, Merril Cooper, and Raul Mur 
gueytio. The picture shows the group at 
the Lionel plant. 


Community 


studies of public health in a country. There 
are, however, also problems that are special 
to industrial health services. The most im 
portant is to fit the man to the job and the 
job to the man. 

The co-ordination of industrial health and 
medical services in industry with public 
health and medical care services in the com 
munity and in the whole country is a difh 
cult practical problem which is in’ many 
countries not yet satisfactorily solved. The 
WHO has recently studied and discussed 
this problem at the European seminars on 
occupational health at Leyden in 1952 and 
at Milan in 1953. 
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lor practical reasons prevention and med 


ical care are combined in most industrial 


health services in Sweden with good results 


The Swedish tradition of public health and 


medical services has certainly influenced 


how we have arrived at this practical solu 


tion. In the old days in Sweden the public 


health or district health officer was part-time 


industrial physician in many places and his 
principal work was to take care of the treat 


ment of injured and sick industrial workers 


in our small industrial villages or towns 


Reporting Form 


lor the past year, a new version of the 


held reporting form, developed by the Com 
mittee on Industrial Hygiene Records and 


Reports of the American Conference of 


Governmental Industrial Hygienists, has 


been under test by the Division of Occupa- 


tional Health of the Michigan Department 
of Health, Recently some of the final 
changes of the test form were completed 
and the end-product (Figure) is now in 
general use. 

According to John C. Soet, Director of 
the Division of Occupational Health, the 
form was revised to facilitate the reporting 


of field work by the numerous district offi- 
The 


ces comprising the division. report 


Michigan Develops New Field 


\s time went on and the importance of 


preventive medicine was more and more 
obvious to the physi ians all over the world, 
preventive medicine was also added to the 
work of the industrial physician. [It ts most 
important that the industrial physician co 
operate closely with family doctors, general 
practitioners, district and public health ofh 


cers, and local and county hospitals 


From: Function of Industrial Medical Service 
by Professor Sven Forssman, presented at 
Seminar on Selective Placement of the Handi 


capped, Stockholm May 2-14. 1955 


serves a dual purpose; itis a record of each 
plant visited as well as a x rsonnel record 
of the activities of division staf members 
lhe new form, five by eight inches, 1s 
made up in triplicate with self-contamed 
carbon paper. After visiting a plant, the 
occupational health division representative 
fills out his report All reports made out im 
one day must be mailed to the division's 
central office by noon of the following day. 
Thus an active and up-to-date record of 
field activity is continuously maintained 
Mr. Soet said that the space under “Re 
marks” is one of the most important parts 
field 


sentatives outline briefly what they have 


of the report. In this space, repre 


steer av Comtact 
rere 

oO tu oO (an oO 

tu 


2 
Ag 
aay 
- — 
— 
ag 
ag 


A 


found at a specifie plant and suggest any 
further procedures which they believe their 
findings may indicate. Symbols have been 
developed to indicate whether or not a 
standard plant study may be written from 
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the material given in the field report or if 
“The re 


port,” said Mr. Soet, “has eliminated much 


additional investigation is needed 


office work and has stepped up the amount 
of work done in both office and in the field.” 


DR. HAROLD J. MAGNUSON 
APPOINTED NEW CHIEF OF 
OCCUPATIONAL HEALTH 


PROGRAM 


Dr. Harold J. Magnuson has been ap 
pointed Chief of the Occupational Health 
Public Health 
Health, 


Program of the 


Service, 
Department of 
and Welfare 
Mr, Henry N 
Chief 
Dr. Magnuson was formerly Chief of 


I-ducation, 


Doyle becomes Assistant 


(Operational Research for the Venereal Dis 


ease Program of the Public Health Service 


Previously he had served as Director of the 
Venereal Disease Laboratory 
at Chapel Hill, N. C., 
sor of Experimental Medicine, University 
of North Carolina School of Public Health 
Besides instructorships in medicine at the 


and Research Profes 


University of Southern California and The 
Johns Hopkins University School of Med 
icine, Dr. Magnuson has held the position 
of Assistant Director, Laboratory of Ix 
perimental Therapeutics, The Johns Hop 
kins University 

Born in Halstead, Kan 
1913, Dr 


gree 


on March 

Magnuson received his A.B. de 
1934 and his M.D. in 1938 
the University of Southern California. In 


from 


1942 he was awarded the degree of Mastet 
of Public Health by The Johns Hopkins 
School of Hygiene and Public Health. He 
received a commission in the Public Health 
Service in May, 1941. 

Dr. Magnuson is certified by the Amer 
Medicine 


member of the 


ican Board of Preventive and 


Public Health. He is a 
\merican Medical Association, the Society 
of American Bacteriologists, the American 
Society for Clinical Investigation, and the 
American Society for Experimental Path 
ology. He is also a member of the Expert 
Venereal Diseases and 
lreponematoses of the World Health Or 


Fellow of the 


Advisory Panel on 


ganization and a American 


( ollege of Physicians 
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SKIN CLEANSER 


Helpful suggestions 


SLEEP SHOULD MEAN REST 


HOW MUCH DO YOU NEED? 
HOW TO PREPARE FOR SLEEP if 
TEN COMMANDMENTS FOR 
SLEEPING l g h 0 ot 
i. manufactures all three from raw 
material to finished product! 


for rest and relaxation 


? 
a7 %2. A Specialized Soap to Meet Every 
+, be Type of Plant Requirement! 
MASTER KEY TO RESTFUL SLUMBER 


by J. kk. Gibson Whether for light, heavy or extra heavy duty, for 
8 pages, 15 cents general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
SO YOU CAN'T SLEEP? experience in serving industry is at your service 
by P. HL. Fluck Your inquiries will receive prompt and intelligent 

8 pages, 15 cents attention! 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 380 MADISON AVENUE NEW YORK 17, N.Y. 
CHICAGO 10, ILLINOIS 


AMLA. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
PRACTICE . . Subscribe NOW to: 


A.M.A. Archives of INTERNAL MEDICINE 
A.M.A. Archives of PATHOLOGY 
A.M.A. Archives of OPHTHALMOLOGY 


Write to: 
THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 


Chicago 10. Hlinois 


Projects and Consultation. 


Write for price schedule and 


information on other services 


FOUNDATION 
WISCONSIN ALUMNI scons 


P, O. Box 2217-Q 


WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 

“a 


\ 
Powdered 
Liquid Bar 
bad 
é 
° 
° 
a 
—— Toxicology Studies for the Che : nal 
Pharmaceutical, Pesticide, on 
Industries (acute and chronic) 
| 


YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
specialists, 
editors, writers, investigators, stu- 


practitioners, teachers, 


dents and libraries. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10. ILLINOIS 
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ALCOHOLICS ANONYMOUS 


\ thy tal nt iamen 


tr tr t ( are nal 


All of 


these articles have 


and are now available 


ditterence 


in one pamphlet, 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabiliti the necessity of 


lit 


by Edward A. Strecker and Francis T. Chamber ! 


iz ng the ste rom conviner the al ] that cl 


af) 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today 


ts develop t rrelatiot th personality tactor 


problem 


INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


omparative tleretie in drinking vith 


in today’s living yi 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


\ partial tra ript of an actual ¢ rtroom case 


\ «lise ot the da 


ADDRESS REQUESTS TO: 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


tress on nutritional 
through treat t eure 
today 
° 
hy Walter I 
Po ¢ last century, new establishments and methods of treatment “4 
wk of tra 
by F.. H. L. 
H. A. Heise 
pages, 15 cent 
4 
BARBITURATES, BOOZE AND OBITUARIES 
biturate 
1) 
4 page t 


HOW INTENSE IS IT? 
(sound pressure level) 


WHAT IS THE FREQUENCY? 
(cycles-per-second) 


If you are concerned with noise, here’s a four-point 
question outline that will help you find the answer 
to the big question--Do you have a noise problem? 


HOW INTENSE IS IT? This information, which 
is a measure of the sound pressure level, is read 
from a sound level meter in decibels. Such a measure- 
ment is simply the relationship between a reference 
value, equivalent to approximately the least sound 
that can be heard, and the noise measured. Un- 
fortunately, no accepted standards have been set 
on maximum safe levels. Some references state the 
maximum at 85 decibels; other sources claim 90 
decibels; but such limits must be qualified by the 
other dimensions of exposure. However, sound level 
meter readings quickly point to danger areas that 
require more complete investigation. 


WHAT IS THE FREQUENCY? The answer to 
this One is important because there are certain fre- 
quencies that cause more damage than others. For 
instance, investigations show that the ear is most 
sensitive in the 2000 to 4000 cycle-per-second region 
This is partly due to the fact that the ear has a par- 
ticularly high transmission efficiency in this region 
Instrument readings can give you a complete analysis 
of the frequency pattern in your operation. 


HOW LONG IS THE WORKER EXPOSED? 
This consideration is all-important. An area where 


M-S-A™ EARSAVER 

Peaked cap assembly for con 
tinuous exposure to relatively 
high level noise. Also head 
set suspension type for easy 
put-on, take-off 


SAFETY EQUIPMENT HEADQUARTERS 


M.S-A™ EAR DEFENDERS 
Insert type Provide effec 
tive closure of ear canal 
Three sizes assure easy fit 


wearing comfort 


MINE SAFETY APPLIANCES COMPANY 


At your Service: 83 Branch Offices in the United States and Canada 


What you must know to identify harmful NOISE 
\ /; 


HOW LONG IS THE 
WORKER EXPOSED? 
(duration) 


WHO IS THE PERSON 
INVOLVED? 
(susceptibility) 


the noise level is not a hazard for a short period of 
time, can be harmful if the worker is exposed for 
long periods. It is essential to know the noise levels, 
frequencies and exposure time to fully appraise the 
environment. Furthermore, it is important to know 
if the exposure is continuous or intermittent. From 
this you see that formulating any noise damage risks 
criteria must involve careful determination of ex- 
posure time. 


WHO IS THE PERSON INVOLVED? There 
are, of course, wide variations in individual suscepti- 
bility to noise damage. At present, the most success 
ful way to record this information seems to be 
complete and frequent audiometric examinations 
Case histories spell out the importance of this type 
of check-up. It has been found, for example, that 
while one worker's hearing was completely normal 
after an exposure, the man beside him, equally ex 
posed, required transfer to a less noisy location to 
avoid hearing damage 

This outline of questions on noise underscores 
only the most basic aspects. If you would like answers 
to your specific problems, there’s an MSA repre 
sentative ready and waiting to serve you 

Free booklet, Noise Questions and Answers, is 
available. This booklet is a digest of noise facts. The 
information is practical and easy to understand. Write 
for your copy today! 


M.S-A™ SOUNDSCOPE 


Precision, self-contained instru 


ment that combines functions 


of sound level meter octave 


band, narrow band analyzer and 
field calibrator Portable 


201 North Braddock Avenue, Pittsburgh 8, Po 
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